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SCIENTIFIC EXPERIMENTS ON THE PLIGHT 
OF THE 1979 BIOLOGICAL SATELLITE (DRAFT PLAN) 
Institute of Medical and Biological Problems, 
USSR Ministry of Health; 
Intercosmos Council, USSR Academy of Sciences 
! 
Introduction 
Biological research in ,pace is an integral part of the scientific 
program for the further stud:? and conquest of outer space. This 
research is aimed at sbudying the mechanisms used by living systems to 
adapt to a complex of factors present during space flight (primarily 
I ; . weightlessness) and at solving the problems caused by the radiation 
hazards of space flight -- the things needed to constantly improve 
i 
j the principles of and methods for medical and biological protection 
i during extended manned space flight. 
F 
1 Four specialized biological satellites -- "Cosmos-605", "~osrnos-690'~, 
1 
L .  ff~osmos-782f', and 'fCosmos-936ff -- were launched from the Soviet Union 
I dwring the period f ~ o m  1973 to 1977. On board the biosatellites were 
life forms of varying levels of complexity, from micro-organisms 
i to mammals. 
i 
i" The results of this reaea~ch showed, that protracted weightlessness 
! 
L- 
i does not have a harmful effect on intracellular processes, even those 
. . 
! .  
associated with the transmission of hereditary information and the 
implementation of cell division. 
E Experiments using mammals (rats) produced no evidence of patho- 
logical changes caused by weightlessness. 
i In addition, a number of functional shifts associated with adap- 
: * 
- 
1. I 
tation to weightlessness and readaptation to tex'restrial gravity were 
I: noted during the stupies on animals. They involved such things as: 
k 
e * 
"Numbers in the margin indicate pagination in the foreign text. 
change in the animal's behavioral reactions and quiescent endurance 
limits; changes in metabolism and hormonal status; atrophy of certain 
muscle groups; osteoporosis and retardation of lengthwise bone growth; 
reduction in myocardial myosin adenosine triphosphate activity; 
reduction in erythrogoiesis; aggravation of spontaneous hemolysis, etc. 
Among tha functional and structural changes manifest during post-/2 
flight examinations of the animals, the major group consisted of 
nonspecific changes, enabling us to characterize the complex of factors 
present after the flight as the effects of stress. Among them are: 
increase in the  functional^ activity of hypothalamic, neurosecreto~y 
cells; adrenal hypertrophy; hypoplasia of lymphoid organs; changebin 
the localization and content of mucopolysaccharides in the gastric 
mucosa, etc. Certain symptoms of stress-reactions have been noted in 
cosmonauts returning from flights of varying duration, but only 
experiments on animals have permitted an extensive enough view of the 
topography of changes taking place in various elements of the systems 
involved in the reaction. 
Under the influence of weightlessness, significant changes took 
place in the locomotor systems of animals. Changes in the muscle 
system manifested themselves as muscle atrophy, decreases in strength 
.+ 
and elasticity, spreading of connective tissue, and assorted metabolic 
alterations. Osteoporosis of the spongioid sections, moderate narrow- 
ing and thinning of the cortical laminae, slowing of periosteal osteo- 
genesis and mineralization, slowing of lengthwise growth, and reduced 
mechanical strength appeared in the tubular bones. The severity of 
the changes may be adequately correlated with the extent to which the 
muscles take part in the implementation of anti-gravitational functions 
and the amount of gravity experienced by the bones while on Earth. 
Studies of the modifying effect of weightlessness on the radio- 
t 
L 
sensitivity of organisms have established that there is no difference 
between the genesis and course of radiation sickness in space and on 
i 
5 Earth. 
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Research conducted during the flight of bhe 1tCosmos-782v 
biosatellite, using an on-board centrifuge, showed that the effects /3 
of artificial gravity in space are, in principle, the same as those 
of gravity on Earth, and was the first such research in the history 
of cosmonautics. 
An on-board centrifuge for mammals was used in an experiment on 
the 1f~osmos-936~ biosatellite. The creation of a lg artificial gravity 
in space to a considerable extent prevented the development of harmful 
weightlessness-induced changes in the body. It is particularly impor- 
tant to note the minimalizing effect of artificial gravity on the con- 
dition of the myocardium and the locomotor and excretory systems. 
Artificial gravity was an effective but not perfect prophylaxis for 
protracted weightlessness, since it had no normalizing effect on a 
t 
number of indices characterizing the functional status of the body. 
L 
t The possibility of producing and maintaining powerful electric 
fields for protection against cosmic radiation in protracted space 
! flight was first demonstrated in experiments on biosatellites. 
I 
k Specialists from Bulgaria, Hungary, Poland, Romania, Czechoslo- B 
I 
, .  vakia, France, and the USA participated jointly with Soviet scientists 
t in the accomplishment of biosatellite research. 
$ I 
Physiological, biological, radiobiological, and sadiation-physics 
experiments will be conducted on the flight of the 1979 biological 
satellite. 
The goal of the physiological experiments using rats on the 
1979 biosatel-lite is further in-depth study of the mechanisms of 
adaptation to weightlessness and readaptation to terrestrial gravity 14 
-
at the body, tissue, and cellular levels. An attempt will be made to 
evaluate the functional reserves of the hypothalamus-hypophysis-adrenal 
system, responsible for the nonspecific ada2tive reactions of the body. 
A functional load test measuring stress (the "Stress" experiment) will 
-" . q  r-- 
- . , 
. - -  
.. ,,,-'~!r 
I 
*I 
A detailed study of the structure of animal bodies is proposed I 
for the first time (the "Body Structure1 experiment). 
The volume of information about the condition of animals during 
flight will be expanded. It is proposed that evaluations of the 
ability of animals in weightlessness to react adequately to signals 
Prom the surrounding environment be conducted, and tha.t information 
about the status of excitatory and inhibitory processes in the higher 
central nervogs system be obtained (the 'lBehaviorl' experiment). 
I The llHiorhythmll experiment will permit us to obtain int'ormation 
about the state OF the body's circadian rhythm and the rapidity of 
its phase reorganization during space flight. 
New in principle will be the lrOntogenesis't experiment, which has 
as its goal determining the possibility of fertilization and fetal 
development in mammals during weightlessness. It is proposed that 
further stages of embryonal development after those begun in weight- 
lessness be continued on Earth after the flight, Study of the basic 
body morpho-biochemical characteristics developed during space flight 
and evaluation of growth rates and possible developmental anomalies 
are planned. 
Biological experiments in the following areas are proposed: 1 5  
-
--a study of higher plant growth and development dynamics will 
be conducted using an on-board greenhouse; 
--in a cot-operative study with Czechoslovakian specialists, 
embryological studies using the "Inkubator" apparatus are piannrd; 
--further study of genetic processes in drosophilae will be 
conducted using the llBios-II" on-board installation. 
In the radiobiological and radiation-physics experiments, study 
% of the possibility of using electrostatic and dielectric protection 
- 
F in space flight and study of the effects of galactic-space radiation 
t heavy nuclei on various bio-objects will be conducted. 
2.. 
The i n - f l i g h t  experiment w i l l  be accompanied by a  synchronous 
t e r r e s t r i a l  experiment i n  a  model of t h e  b i o s a t e l l i t e ;  i t  w i l l  s t a r t  
5 days a f t e r  t h e  beginning of t h e  f l i g h t  and w i l l  r epea t  a l l  cond i t i ons  
of t h e  i n - f l i g h t  experiment except  weigh t lessness .  
The f i rs t  i n s p e c t i o n  o f  t h e  b foma te r i a l  w i l l  be c a r r i e d  out  
immediately a f t e r  t h e  l and ing  of t h e  b i o s a t e l l i t e .  I n  o rde r  t o  
accomplish t h i s ,  a mobile l abo ra to ry  complex, suppl ied  w i th  t h e  
necessary  equipment, w i l l  be GoPlvered t o  t h e  l and ing  s i t e .  
It i s  proposed t h a t  f u r t h e r  r e s e a r c h  be c a r r i e d  ou t  a t  s c i e n t i f i c  
i n s t i t u t i o n s  i n  our  n a t i o n  and abroad. Besides  Sov ie t  s p e c i a l i s t s ,  
s c i e n t i s t s  from Bulgaria,, Hungary, t h e  GDR, Poland, Romania, Czecho- 
s lovak ia ,  France,  and t h e  USA w i l l  t ake  p a r t  i n  examination of t h e  
b io-ob jec t s .  
0 
I. Phys io log i ca l  Experiments - / 6  I 
The fo l lowing  phys io log i ca l  experiments on r a t s  w i l l  b e  conducted 
on t h e  b i o s a t e l l i t e :  
I 
--the l tSt ress l t  experiment; 
--the llBehaviortl experiment ; 
--the ltBiorhythmstl experiment; 
--and t h e  llOntogenesisll experiment.  
Th i r t y - e igh t  ra ts  of t h e  'Wistarl1 l i n e ,  wi th  no pathogenic  
mic ro f lo ra ,  w i l l  be p laced on t h e  b i o s a t e l l i t e .  These exper imental  
 animal^ w i l l  be provided by t h e  I n s t i t u t e  of  Endocrinology, Slovakian 
AcaGemy of Sc iences  (Czechoslcvakia) .  F i n a l  s e l e c t i o n  of animals and 
t h e i r  p r e p a r a t i o n  f o r  f l i g h t  w i l l  be c a r r i e d  ou t  a t  t h e  I n s t i t u t e  of  
Medical and B i o l o g i c a l  Problems, USSR Minis t ry  of Heal th .  
It i s  proposed t h a t  t h i r t y  r a t s  be l o c a t e d  i n  BIOS cage-blocks, 
analogous t o  t hose  used prev ious ly ;  e i g h t  r a t s  w i l l  be p l ~ t  i n  common 
cages o f  new c o n s t r u c t i o n  (BIOS-vivaria) -- c f .  t h e  l'Ontogenesisfl 
s e c t i o n .  
I n d i v i d u a l  cages w i l l  i n c lude  a  complex o f  l i f e - suppor t  systems.  
Within each cage t h e r e  w i l l  be a  f eede r ,  d r ink ing  bowl, an i l l u m i n a t i o n  
dev ice ,  a system of o u t l e t s  f o r  f r e s h  a i r  v e n t i l a t i o n ,  a  s p e c i a l  
s l o t t e d  a p e r t u r e  f o r  removal of  body wastes,  and c e l l s  f o r  t h e  s t o r a g e  
o f  waste  m a t e r i a l  over t h e  e n t i r e  course  of  t h e  experiment,  w i th  separ-  
a t e  c o l l e c t i o n s  f o r  each two-day per iod .  
1 
Each cage i s  suppl ied  wi th  a  s p e c i a l  measuring dev ice  p e r m i t t i n g  
c a l c u l a t i o n  of a l l  t h e  movements made by t h e  r a t s  every day. A pas te -  
%ike  f eed ,  s p e c i a l l y  developed f o r  use  i n  weigh t lessness ,  w i l l  be put  
i n  t h e  f eede r  fou r  t imes  a  day a t  s ix-hour i n t e r v a l s .  Water f n t a k e  
i 
. A .  dur ing  t h e  f l i g h t  w i l l  not  be l i m i t e d .  Oxygen supply f o r  t$e animals 
I 
i and removal o f  excess  carbon d iox ide  and harmful gaseous i m p u r i t i e s  
i 
c from t h e  i n t e r i o r  of  t h e  b i o s a t e l l i t e f s  descen t  appara tus  w i l l  be 
6 
- 
" - ., - <  - ' 
. --i # ,  I I /  A' I 
accomplished by a system of chemical atmosphere regenera,tion. The 
temperature and humidity wdll b~ maintained by a thermo-regulation 
system with an atmosphere humidifier. 
The distribution .of. bhe l'animals * acOorddng.to individu81*physlo- 
logical experiments is shown in table 1; a list of the organizations 
taking part in the experiments is presented in table 2. 
No. Name OF Experiment Research Subjects 
--
I. PHYSIOLOGICAL EXPERIMENTS 
1, flStressn 
2. "Behavior" 
3. "Bi~rhythms~' 
4 ,  "Body Structuren 
5 I1Ontogenesisf1 
Male ra'cs No, 1 -- 20 
Male rats No. 16-- 208 
Male rats No. 21-- 25 
Male rats No. 26-- 30 
Male rats No. 31 & 32 
Females No, 33-- 38 
'Research will be carried out only during flight. 
- -  - - - - -  
, 9 
.-j ---- 
TABLE 2. LIST OF SCIENTIFIC INSTITUTIONS PARTICIPATING I. 
IN THE EXPERIMENTS ON THE 1979 BIOL-^-" U U . ~  LiAL SATELLITE 
(PHYSIOLOGICAL RE~~EARCHI 
No. Name of Institution ~oiintry 
1. Institute of Medical and Biological Problems, 
USSR Ministry of Health USSR 
2. Institute of Evolutionary Physiology . 
and Biochemistry, USSR Academy of Sciences USSR 
3. Bach Institute of Biochemistry, 
USSR Academy of Sciences USSR 
4 .  Pavlov Institute of Physiology, 
USSR Academy of Sciences USSR 
5. Central Dental Research Institute, 
USSR Ministry of Healtk 
t 
USSR 
t 
6 .  Priorov Central Institute of Traumatology and 
r Orthopedics Research, USSR Ministry of Health USSR 
I 
! 7.  Central Institute of Gastroenterology Research, 
b i  
Moscow Municipal Executive Committee of the 
Council of Workers1 Deputies USSR 
I 
8. Institute of Medical Radiology, f USSR Academy of Medical Sciences USSR 
j 9 .  Institute of Nutrition, 
USSR Academy of Medical Sciences USS5 
t 
i 10. Sklifasovsky Central First Aid Institute, 
RSPSR Ministry of Health USSR 
11. Institute of Cardiology, 
I Armenian SSR Ministry of Health USSR 
1 12. Bratislava institute of Experimental Endocrinology, b Slsvakian Academy of Sciences Czechoslovakia 
f 
13. Shafarik State University, Kosice Czechoslovaki$ 
4 Military Institute of Aviation Medicine, Warsaw Poland 
L 15. Bucharest Institute of Physiology Romania 
,. 
16. Institute of Roentgenology and Hadiobiology, 
s 
L a Sofia Medical Academy Bulgaria 
L 
9 
. .- 
a A 
L' 
L - - I  . 9 . - .  ,., . 1  . 1 
. > 
- 
No. Name of 1r:atitution Count~y 
- 
17. Institute of Physiology, 
Debrecen Medical College Hungary 
18. Institute of Pathophysiology, 
Debrecen Medical College Hungary 
19. Szeged Institute of Biochemistry Hungary 
20. Humboldt University GDR 
21. NASA Ames Research Center 
22. Department of Anatomy, 
Washington University 
23. Aerospace Medicine Laboratory, 
Wright-Patterson AFB 
24. Jet  prop^-lsion Laboratory, 
Pasadena, California 
USA 
USA 
USA 
The experiment is being conducted in order to study the mechanism 
of reaction to stress developing during space flight, as well as 
evaluation of the reserve capabilities of the hypothalamus-hypophysis- 
adrenal system of the body during the readaptation period. 
We know that, among the changes appearing at postflight examin- 
ations of animals taking part in previous Siosatellite experiments, 
the major portion consisted of nonspecific alterations which might 
be considered the effects of stress (adrenal hypertrophy, lymphoid 
organ hypoplasia, and many others). The research program in the upcoming 
experiment will be expanded, enabling us to discuss the mechanisms 
of stress-reaction development in certain systems. Hence, adrenalin, 
! noradrenalin, and dopamine Levels in certain nuclei of the hypo- 
thalamus, limbic, sy~@qrn,~ ., and truncus cerebri, and in v~ tous 
1 
regions of the myocardium, etc., will be determined indivzaually, 
and not in the organs as a whole, as was done previously. 
I 
In addition, a fixation stress test, which examines the condition 
of the hypothalamus-hypophysis-adrenal system like a functional test 
would, will be used for the first time during the postfli-ght period 
of this experiment. This test will ascertain whether or not restruct- 
uring of adrenocortical reaction regulation occurs during the flight, 
similar to that occurring during the period of fixation stress (the 
virtual curtailment of hypercurticosteronemic rsaction and premature 
return of corticosterone levels to initial values), repeated for 
several days. It will a l s ~  determine whether or not the curtailed 
adrenocortical reaction in adapted animals is present 6 days after 
the end 03 the space flight; this will be important for evaluation of/12 
- 
the general health of .:osmonauts. 
1 
I" 
5, i 
The tlStressM experiment will use 20 animals in the flight group 
and as many in the synchronous terrestrial experiment and the vivarium 
I '  
I control group. Apart Erom the research associated with the analysis [ '  of the stress-reaction mechanism, studies will be conducted to analyze 
i 
1 
. ! 
11 
- f 
i 
I 
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t h e  mechanism of s p e c i f i c  locomotor appara tus  a l t e r a t i o n s  occu r r ing  
i n  weigh t lessness  and examining va r ious  a s p e c t s  o f  metabolism, e t c .  
I n  o rde r  t o  s t anda rd i ze  t h e  animals used f o r  t h e  experiment,  
a 2.5-hour f i x a t i o n  s t r e s s  t e s t  w i l l  be done on them 12-15 days 
before  t he  f l i g h t .  
The animals w i l l  be d iv ided  i n t o  t h r e e  groups: Group I ( 7  r a t s )  
rill be s a c r i f i c e d  a t  t h e  b i o s a t e l l i t e  l and ing  zone immediately a f t e r  
l and ing  (some manipulat ion w i l l  be performed before  s a c r i f i c e ) .  Group I1 
( 6  ra t s )  w i l l  be s a c r i f i c e d  on t h e  6 t h  day a f t e r  l and ing .  Group 111 
( 7  r a t s )  w i l l  a l s o  be s a c r i f i c e d  on t h e  6 t h  day a f t e r  l and ing ;  a l l  t h e  
animals i n  t h i s  group w i l l  undergo a  p o s t f l i g h t  s t r e s s  testy '(2.5-hour 
f i x a t i o n  s t r e s s ) ,  which w i l l  be done a t  t h e  same t ime of day on days 
1, 4 ,  5, 6,and 7 a f t e r  t h e  f l i g h t .  Blood samples from t h e s e  animals 
wil.1 be taken 20 min. before  f i x a t i o n ,  a t  t h e  end of f i x a t i o n ,  and 
30 min. a f t e r  i t s  end on days 1, 4, and 6 a f t e r  t h e  f l i g h t .  Group I11 
animals w i l l  be s a c r i f i c e d  a t  t h e  end of t h e  f i xa . t i on  t e s t  done on 
day 7 a f t e r  t h e  f l i g h t ,  
The animals of a l l  3 groups w i l l  undergo p o s t f l i g h t  biochemical  
and morphological  s t u d i e s ,  u s ing  t h e  program shown i n  t a b l e  3.  
No. Name of work. Organ or System studied. 
Indices. 
3 
Groups Studied Executor 
Material 
1 2 3 4 5 
I. Central Nervous System 
1. Determination of noradrenalin, adrenalin, dopamine, 1,2,3 entire Czechoslo- 
and serotonin content in certain nuclei of the hypothalamus, brain vakia--1nst. 
truncus cerebri, medulla oblongata, limbic system, cerebellum. Endocrinol.; 
Determination of glutamine, glutamic and aspartic acids,gamma- USSR--R.A. 
amin.obutyric acid, polyamines, RNA, and sulfhydryl groups in Tigranyzn , 
the cerebral hemispheres and cerebellum. N.N. Demin. 
Determination of myokinase and phosphodiesterase activity in 
the hypophysis. 
11. Endocrine Glands 
-
Determination of adrenalin, noradrenal5n, corticosterone, 
and aldosterone content; determination of enzyme activity, 
enzyme metabolism in the adrenals. 
Study of iodized'amino acid synthesis and determination 
of YIO activity in the thyroid gland. 
Histological study of the testes -.nd evaluation of the 
mutagenic influence of space flight on the sex glands. 
Study of the reactioc of the testes to luteinizing hormone 
in the production of testosterone. 
111. Cardiovascular System 
Determination of adrenalin, noradrenalin, and dopamine 
content in various parts of the myocard-i 1. 
entire USSZ--R.A. 
hypophys . TZgranyan 
t 6 
both Czechoslo- 
adrenals, vakia--1nst. 
entire Endocrinol.; 
USSR--R.A. 
Tigranyzn 
entire Czechoslo- 
thyroid vakia--1nst. 
Endocrinol . ; 
USSR--R. A. 
Tigranyan 
1 entire Bulgaria 
testis 
1 testis Czech.--1nst. 
Endrcrinol. 
USSIT--R. A. 
Tigranyan 
entire Czech.--1nst. 
myocardium Endocrinol. 
USSR--R.A. i 
Tigranyan 'BI S 
TABLE 3 (Cont .  ) 
i t-' 
, i .r= No. Name of work, Organ o r  system s t u d i e d .  Groups S ~ L  
Y I n d i c e s .  
I Mat 
f 
I V .  Locomotor Apparatus 
1. Study of  g l y c e r i n i z e d r i m ~ e d e t  ffhersq 
p r e p a r a t i o n  c o n t r a c t i l i t y .  
2 .  Study of  t h e  molecu la r  composi t ion of  
c o n t r a c t i l e  and c o n t r o l  muscle p r o t e i n s .  
3. Study of t h e  f r a c t i o n a l  composi t ion  af 
sa rcop lasmic  p r o t e i n s .  
4. Determinat ion  of e l e c t r o l y t e  c o n t e n t  and 
a c t i v i t y  of a  number of phospho-carbohydrate 
metabolism enzymes i n  s k e l e t a l  muscles .  
5. Study of o x i d a t i o n  phosphory la t ion  and 
g l y c o l y s i s  i n  s k e l e t a l  muscles .  
6, Automated a n a l y s i s  of muscle f i b e r s .  
7 .  Eva lua t ion  of osseous  t i s s u e  mechanica l  
s t r e n g t h .  
8. Q u a n t i t a t i v e  a n a l y s i s  of c e r t a i n  
parameters  f o r  bones. 
9 .  Q u a n t i t a t i v e  d e t e r m i n a t i o n  of t h e  s t r e n g t h  
c h a r a c t e r i s t i c s  f o r  i s o l a t e d  v e r t e b r a e .  
f 10. s t u d y  of  t h e  mechanisms of c a l c i f i c a t i o n  
(de- and r e m i ~ i c r a l i z a t i o n ,  r e c r y s t a l i z a t i o n )  
i n  t h e  bones ,  
4 0  10a.  Study of  ca lc ium metabolism u s i n g  Ca . 
s o l e u s  ( 1 / E  
d ig i to rum 1 
b r a c h i a l i s ,  
of t r i c e p s  
s o l e u s  ( 1 / 2  
d ig i to rum 1 
s o l e u s  (1/2 
d ig i to rum I! 
b r a c h i a l i s  ,) 
of t r i c e p s  = 
s o l e u s  (1/2 
d ig i to rum 3 
p l a n t a r i s ,  , 
gastrocnem$ 
B p o s t e r i o r  m 
t h e  t h i g h  $ 
gastrocnemd 
p l a n t a r i s ,  I 
femur , hea4 
1 
t i b i a ,  r a d q  
5 
v e r t e b r a l  4 
t h o r a c i c  to" i femur*, sca :  
p a r i e t a l  boi 
4 i 
r i b s  and in! 
muscles  i f 
"After  removal o f  marrow f o r  s t u d i e s  V-5, 8 .  
8- FRAME 
TABLE 3 (Cont.  ) 
system s t u d i e d .  Groups S tud ied  Executor  
M a t e r i a l  
--- .- 
s o l e u s  ( 1 / 2 ) ,  e x t e n s o r  USSR--V.S. Oganov 
d i g i t o r u m  longus  (1/2)',  
b r a c h i a l - i s ,  med ia l  head 
of t r i c e p s  
bt Ion O"' 
t 
r 
b n t e n t  and 1,293 
p-carbohydra te  
i muscles.  
t h e  s t r e n g t h  
~ r t  ebrae  . 
S i f i c a t f  on 
r y s t a l i z a t i o n )  
4 0  Lng Ca . 
s o l e u s  ( 1 / 2 ) ,  e x t e n s o r  USSR--S. S. 
d i g i t o r u m  longus  (1 /2)  Oganesyan 
s o l e u s  ( 1 / 2 ) ,  e x t e n s o r  Hungary-- 
d i g i t o r u m  longus  ( 1 / 2 ) ,  L. Kescius  
b r a c h i a l i s ,  med ia l  head 
of t r i c e p s  
s o l e u s  ( 1 / 2 ) ,  e x t e n s o r  USSS--V. P. 
d i g i t o r u m  longus  ( 1 / 2 ) ,  Nes terov 
p l a n t a r i s ,  diaphragm, 
gas t rocnemius ,  q u a d r i c e p s  
p o s t e r i o r  muscles  of  USSR-- E. A .  
t h e  t h i g h  i n  e n t i r e t y  Kovalenko 
gas t rocnemius ,  1. USA--Cast leman 
p l a n t a r i s ,  qua.driceps 
femur, head of  humerus USSR--G. P .  
Stupakov 
t i b i a ,  r a d i u s ,  humerus USA--E. Holton 
v e r t e b r a l  column (from USA--L. Kazaryan 
t h o r a c i c  t o  lumbar ) ,  t a i l  
femur*, s c a p u l a ,  USSR-- A .  A .  
p a r i e t a l  bone Prokhonchukov 
r i b s  and i n t e r c o s t a l  USA--H. Cann 
muscles  
TABLE 3 (Cont.) 
No. Name of work. Organ or system studied. Group s c 
Indices, B 
11. Determination of citrate and glycogen content 1,233 tibia, rac 
and the activity of a number of enzymes 
(alkaldne andctacid phosphatoses, aldolase, 
alpha-amylase and pyrophosphatase) in 
osseous tissue. 
12. Study of dentogenesis and osteogenesis in 
the rat jawbone. 
V. Blood and Bone Marrow 
1. Determination of the concentrat'on of hormones, 1,2,3 
catecholamines, and lipids in blood plasma. 
jawbone 
blood plas~ 
entirety 
2. Determination of the morphological compo- 1,293 0.2 ml bloc 
sition of peripheral blood. 
3. Determination of polydesoxyribonucleotides 1,233 1 ml erythz 
in erythrocytes. mass i 4. Study of hemoglobin structure. 1,294 1 ml erythi 
mass 
5. Quantitative cytologlcal analysis of 1,293 femur 
bone marrow. 1 
6 .  Determination of maturation rates for bone 
k .  
1,294 
marrow reticulocytes. Determination of DNA 
synthesis rates in bone marrow cells. Deter- 
mination of hemoglobin content in individual 
erythrocytes. Study of electrophoretic mobility, 
configuratLon, and microstructure of erythrocytes. 
7. Determination of lipid content in bone marrow. 1,293 
8. Determination of the mutagenic influence of 1,294 
space flight factors on bone marrow cells. 
t-' 9 .  Study of bone marrow truncus cells. 
vl 
1,293 
sternum, 1 
erythrocyt 
2 blood smg 
1 
i 
humerus I 
tibia 1 
femur 
i 
i 
I 
TABLE 3 (Conk.) 
?m s t u d i e d .  Group s S tud ied  Executor  
M a t e r i a l  
en con t en t  1 , 2 , 3  t i b i a ,  r a d i u s ,  u lna  . USSR--R.A. 
ymes Tlgranyan 
l o l a s e ,  
I n  
s i s  i n  1,294 j awbone 
o f  hormones, l , 2 , 3  5 plasma. 
i 1 
c ompo- 1,293 
Zeo t i de s  1 9 ~ 5 3  
f o r  bone 1,294 
o n  of DNA 
Is. Deter-  
d n d i v i d u a l  
r e t i c  m o b i l i t y ,  bf e r y t h r o c y t e s .  
;bone marrow. 1,293 
I u e n c e  of 1,294 
w c e l l s .  
. 1,233 
blood plasma i n  i t s  
e n t i r e t y  
0.2 m l  blood 
1 m l  e r y t h r o c y t e  
mass 
1 m l  e r y t h r o c y t e  
mass 
femur 
sternum, 1 m l  
e r y t h r o c y t e  mass, 
2 blood smears 
humerus 
t i b i a  
femur 
USA--D. Simmons 
Czech.--Inst.  
Endocr ino l . ;  
N .  A l e r s ;  
USSR--R.A. 
Tigranyan 
USSR--Lev. 
Serova 
Czech,--E.Mish- 
urova . 
Czech.--NeA. 
C hernaya 
USSR--L.V. 
Serova 
USSR--Central 
Hematology and 
and Blood Trans- 
f u s i o n  Research 
I n s t i t u t e ;  
V . I .  Korol 'kov 
Czech.--I. Ale r s  
B u l g a r i a  
Czech.--A. Bacek 
TABLE 3 (Cont . ) 
No. Name of work. Organ or system studied. Group ,.s S' 
Indices. Mj 
VI.Lymphoid Organs 
1. Determination of lipid content in the thymus. 1,293 
2. Determination of polydesoxyribonucleotides 1,2,3 
in the spleen. 
3. Study of nucleic acid metabolism in the spleen. 1,2,3 
4. Determination of thymocyte and splenocyte 1,293 
quantities, 
VII. Connective Tissue 
1. Quantitative and qualitative cytological analysis 152,3,4 
of connective tissue elements (mast cells, 
fibroblasts, and histocytes). 
2. Study of connective tissue. 
V I I I .  Liver 
- 
1. Study of enzymes participating in the transform- 1,2,3 
ation of carbohydrates into lipids. 
2. Study of carbohydrate and amino acid metabolism 1,2,3 
enzymes, lipogenic enzymes and enzymes partici- 
pating in catecholamine destruction. 
3. Study of nucleic acid metabolism. 
4. Determination of lipid content. 
- 5 .  Study of glucose metabolism. 
I 
sk; 
sut 
fa? 
ski 
sud 
! 1 
I 
d i ,  > t  
TABLE 3 (Cont . ) 
. 
Stud ied  Executor  
M a t e r i a l  
i n  t h e  thymus. 
~ n u c l e o t i d e s  i 
i n  the s p l e e n .  
/ t o l o g i c a l  a n a l y s i s  1 , 2 , 3 , 4  
[past c e l l s ,  
I 
&n t h e  t r ans fo rm-  1 , 2 , 3  
pas. 
a c i d  metabolism 1 , 2 , 3  
mzyrnes p a r t i c i -  
; i o n .  
1/2 thymus 
1/2 s p l e e n  
2 / 5  s p l e e n  
1/2 thymus 
1 /5  s p l e e n  
Czech.--I,  A l e r s  
Czech. -- 
E. Mishurova 
USSR--1.A. Egorov 
USSR--L. V ,  $ erova  
s k i n  w i t h  USSR--L.V. Serova  
subcutaneous 
f a t  
s k i n  w i t h  B u l g a r i a  
subcutaneous f a t  
4.3 g l i v e r  
3 . 1  g l i v e r  
1 . 0  g l i v e r  
300mg l i v e r  
500mg l i v e r  
USA--S . Abraham 
USSR--R.A.Tigranyan 
Czech.--Inst .  of  
Endocrinology;  
USSR--R.A. 
Tigranyan 
USSR--1. A .  Egorov 
Czech.--I. A l e r s  
Czech.--1nst.  of  
Endocrinology;  
USSR--R.A. 
Tigranyan 
I 
t-' 
-I 
7-. .- .
. ^..l. 
TABLE 3 (Cant ) 
No. Name of work. Organ or system studied. Groups St< 
Indices. 
- - 
Maa 
- 
IX. Excretory System 
1. Evaluation of enzymatic and osmotic conditions 132,334 
of renal concentration activity. Study of 
kidney ionic composition, 
2. Evaluation of kidney tissue hydration. 132,334 
X. Adipose Tissue 
1. Determination of lipid content in brown adipose 1,2,3 
tissue. 
2. In vitro study of the action of noradrenalin 
-- 1,233 in the elimination of fatty acids from 
adipose tissue. 
3. Determination of lipogenetic enzyme concentration 1,2,3 
in adipose tissue. 
XI. Gastro-intestinal Tract , 
1. Physiologo-biochemical and morphological studies 1,2,3,4 
of the gastro-intestinal tract. 
XII. Sense Organs 
1. Cytological studies on the corneal epithelia 
of the eye. 
1 entire ki 
papillar! 
1/3 kic 
entire broi 
tissu 
epididymal 
tissue -- 2 
epididymal 
tissue -- U E 
salivary gli 
stomach, pal 
small intesl 
entire lungi 
E 
eyes 
i 
TABLE 3 (Cont . ) 
S t u d i e d  Execu to r  
I b i n  brown a d i p o s e  1 , 2 , 3  
i 
I t  
f n o s a d r e n a l i n  1,293 
i 
I 
I [enzyme c o n c e n t r a t i o n  1 , 2  , 3 
; r p h o l o g i c a l  s t u d i e s  1 ,2 ,3 ,4  
t .  
r n e a l  e p i t h e l i a  1929394 
1 e n t i r e  k idney,  2nd USSR--M. Natochkin 
p a p i l l a r y  zone 
1 /3  kidney USSR--A.S.Pannova 
e n t i r e  brown a d i p o s e  Czech,--I.  A le r s  
t i s s u e  
epid idymal  a d i p o s e  Czech.--1nst.  of 
t i s s u e  - -  200 mg Endocrinology;  
USSR--R. ---A. 
Tigranyan 
epid idymal  a d i p o s e  Czech.--1nst. of 
t i s s u e  -- 1 . 0  g  Endocrinology;  
USSR--Re A .  
T igranyan 
s a l i v a r y  g l a n d s ,  USSR--K. V.  
stomach, p a n c r e a s ,  Smirnov 
s m a l l  i n t e s t i n e  R0manl.a-- 
e n t i r e  lungs  P .  Groza 
eyes  USSR--5'. V'. 
Sushkov; 
S .  V .  Rudneva 
The "Behaviorn experiment i s  being condscted t o  s tudy t h e  
p e c u l i a r i t i e s  of t h e  f u n c t i o n a l  s t a t u s  and e f f i c i e n c y  of t h e  h igher  
c e n t r a l  nervous system i n  animals dur ing  space f l i g h t .  
The g r e a t  e f f i c i e n c y  noted i n  p r a c t i c a l l y  a l l  cosmonauts on 
extended f l i g h t s  was s t imu la t ed  t o  a  cons iderab le  e x t e n t  by t h e i r  
i f e e l i n g s  of duty  and r e s p o n s i b i l i t y ,  and ensured by t h e  excitement 
and mobil ized r e s e r v e s  of  t h e  body. This i n c r e a s e  i n  e f f i c i e n c y  
may be occur r ing  w i t h i n  a  framework of a s t h e n i z a t i o n  and nervous 
exhaust ion.  I n  t h i s  connect ion,  ob t a in ing  corresponding d a t a  on 
animals f r e e  from s o c i a l  s t r i c t u r e s  and pharmacological  i n f luences  
becomes q u i t e  impor tan t ,  s i n c e  i t  a l lows  us  more o b j e c t i v e l y  t o  
eva lua t e  c e n t r a l  nervous system re se rves  and mental e f f i c i e n c y ,  
I 
C 
I e s p e c i a l l y  i n  s i t u a t i o n s  where time i s  c r i t i c a l  and du r ing  emergencies. 
I 
Research p rev ious ly  conducted has shown t h a t ,  a f t e r  exposure of  
white r a t s  t o  condi-tioras on t h e  uCosmosn b i o l o g i c a l  s a t e l l i t e s ,  t h e i r  
a b i l i t y  t o  r each  goa l s  i n  varyingly  complex mazes decreased.  The 
number of r e f u s a l s  t o  n e g o t i a t e  mazes, t h e  t ime u t i l i z e d  t o  complete 
them, and t h e  number of mistakes made dur ing  t h e  n e g o t i a t i o n  a l l  
i nc rea sed .  Poorer performance dynamics were a l s o  noted i n  t h e  exper i -  
menes, a n e u r o t i c  s t a t e  was more o f t e n  mani fes t ,  and a c t i v i t y  dur ing  
the  heightened f u n c t i o n a l  l a a d  on t h e  nervous system decreased.  Study 
of t h e  f u n c t i o n a l  s t a t u s  of t h e  h igher  a r e a s  o f  t h e  b r a i n  immediately 
a f t e r  f l i g h t  w i l l  enab le  us t o  de f ine  t h e  r o l e s  of f l i g h t  and subsequent 
r eadap ta t i on  t o  t e r r e s t r i a l  condi t ions  i n  t h e  fo rmula t ion  of some of / 20  
- 
t he  a l t e r a t i o n s  noted above. There i s  no informat ion a t  a l l  i n  t h e  
l i t e r a t u r e  concerning t h e  dynamics o f  a n i n a l  b r a i n  nervous processes  
dur ing  extended space f l i g h t s ;  an a t tempt  must f i r s t  b e  made t o  
perform such s t u d i e s .  
The experiment w i l l  be conducted us ing  5 male r a t s  p laced  i n  t h e  
BIOS-N aboard. Animals from t h e  synchronous experiment and animals 
conta ined i n  t h e  vivarium w i l l  be used a s  c o n t r o l s ,  
, r.- . r, v -.-- - '. . , 
IP 
r m 
I The condibioned-ref lex  method i s  most p r e f e r a b l e  f o r  t h e  on-board 
I 
experiments us ing  ma.mmals, s i n c e  i t  i s  s e n s i t i v e  t o  t h e  e f f e c t s  of  
e x t e r n a l  f a c t o r s ,  i s  f e a s i b l e  wi th in  a  l i m i t e d  area,,  and, mainly, 
pe rmi t s  adequate  eva lua t ion  of t h e  f u n c t i o n a l  s t a t u s  of  h igher  b r a i n  
centers . ,  The s t e r e o t y p e  commonly used i s  from 8-14 condi t ioned 
s t i m u l i  g iven  t h e  animal dur ing  a  10-15 minute per iod .  The s t e r eo -  
t ypes  a r e  a l t e r e d  by changing t h e  s i g n a l  s t r e n g t h ,  s e r i a l  o rde r ,  o r  
d u r a t i o n  o f  t h e  s t i m u l i  dur ing  t h e  s e t  pe r iod .  
A t  t h i s  s t a g e  of t h e  work, t h e  minimal program w i l l  be employed, 
according t o  which t h e  an imalsh  condi t ioned r e f l e x  a c t i v i t y  w i l l  be 
s t u d i e d  by t h e i r  p r e sen t ing  t h e  p rev ious ly  developed s t e r e o t y p e  from 
2 p o s i t i v e  s i g n a l s  ( d i f f e r i n g  phys i ca l  s t r e n g t h s )  and one d i f f e r e n -  
t i a t i n g  s i g n a l .  The cyclograrn of s i g n a l  p r e s e n t a t i o n s  i s  a s soc i a t ed  
L wlth t h e  animals1 f eed ing  per iods ;  re inforcement  of  p o s i t i v e  s t i m u l i  
I Is produced by r e g u l a r  feed ing .  
t 
t A cond i t i on ing  l i g h t  s i g n a l  i s  g iven  a f t e r  t h e  pump s tops  working 
and immediately before  t h e  f eede r  opers .  The d u r a t i o n  of  i t s  i s o l a t e d  
p r e s e n t a t i o n  i s  4-6 seconds. During t h e  fo l lowing  19-21 seconds t h e  
a c t i o n  of t h e  conditkoning s i g n a l  co inc ides  wi th  t h e  opening of t h e  
f eede r .  The i n i t i a t i o n  of a purposefu l  movement towards t h e  f eede r  
du r ing  t h e  8-9 seconds a f t e r  t h e  begjnning of t h e  s i g n a l  i s  considered 
the  an ima l ' s  response  t o  t h e  cond i t i on ing  s i g n a l  ( i . e . ,  t h e  presence / 2 1  
-
of t h e  condi t ioned r e f l e x ) .  
The d u r a t i o n  of t h e  d i f f e r e n t i a t i n g  s t imulus  i s  7 seconds.  
1 Inasmuch a s  i t  i s  g iven  i n  t h e  per iod  between reed ings ,  i t  i s  not  
accompanied by a d d i t i o n a l  a u r a l  s i g n a l s .  To ta l  absence of an a c t i v e  I< f eed ing  r e a c t f o n  i n  response t o  t h e  s i g n a l  g iven ( d u r i n g  t h e  8-9 sec-  
L 
onds a f t e r  i t s  beginning)  would be evidence of d i f f e r e n t i a t i o n  
conso l ida t i on .  
The parameters  o f  t h e  condi t ioned r e f l e x e s  ( l a t e n t  pe r iod ,  s t r e n g t h ) ,  
i t h e  number o f  i n t e r - s i g n a l  r e a c t i o n s ,  t h e  s t a t u s  of s t r e n g t h  r a t i o s ,  
* 
I e t c . ,  a r e  determined by t h e  n a t u r e  of  t h e  an imal ' s  g e n e r a l  motor 
, t 
a c t i v i t y r n e a ~  .tt;he:feeWn:. The space between t h e  beginning of t h e  
1 9  
conditioning signal and manifestation of feeding motor activity deter- 
mines the value of the latent period, and the electroactivity integral 
during this reaction determines the strength of the reflex. 
A secure animal containment unit, permitting the performance of 
the research program, was designed for this experiment. Its construc- 
tion is essentially the ame as that used on the t~Cosmos-78211 and 
1tCosmos-9361t satellites. 
A second light source, placed on the back cover of the cage, 
and a system for recording the animals1 activities near the feeder 
are included in the unit for special purposes. 
Both light sources are used to deliver stimuli to the animals 
using 3 regimes: 
Reg'me 1 -- a double light intensity, light flashing at 2 he; 
strong conditioning-signak;' 
Regime 2 -- a double light intensity, light nob flashing; 
weak conditioning signal. 
Regime 3 -- a double light intensity, light flashing at 4 he; 
differentiating signal. 
I 
i A photoresistor is used as a sensor to record the animals' 
activities near the feeder,. 
The possibility of recording signal analogs of the animalsv 
spontaneous motor activity in the cages and the motor activity 
i characterizing the behavior of an animal near the feeder is envisioned. 
I 
The principle used t o  record motor activity is analogous to 
that used previousl~y. 
. Insofar as the peculiarities of conditioning signal stereotype 
-. preservation and perfection are being studied, provision, inter alia 
--3 
t, for extensive special preparation of the animals during the preflight 
period is being made?(,table 4). 
20 
Y 
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TABLE 4 .  GENERAL TIME SCHEME FOR PREPARATION 
AND CONDUCTTNG OF EXPERIMENT 
Days Nature of Task 
General t r a i n i n g  of animals f o r  s t a y  i n  i n s t a l l a t i o n .  
Development of p o s i  
s e t  s t r o n g  st irnulus 
t i v e  
. 
condi t ioned r e f l e x  
Development a f  p o s i t i v e  condi t ioned r e f l e x  t o  
s e t  weak s t imulus .  
I n t r o d u c t i o n  o f  d i f f e r e n t i a t i n g  s i g n a l  i n t o  
t h e  s t e r e o t y p e ,  
P re sen t a t i on  of s t e r eo type  according t o  s e t  
program: 
p o s i t i v e  s t r o n g  s i g n a l  2 t imes  a  day, 
p o s i t i v e  weak s j g n a l  2 t imes (be fo re  opening 
o f  f e e d e r  a t  Seeding t ime)  and d i f f e r e n t i a t i n g  
s i g n a l  2 t imes ( 2  hours before  r e g u l a r  f eed ing  
daytime and n i g h t t i m e ) .  
The r e s u l t s o f  t h e  experiment (when compared wi th  t h e  t e r r e s t r i a l  /23 
one) w i l l  permit eva lua t ion  of b a s i c  nerve  process  f e a t u s e s  ( t h e i r  
s t r e n g t h s ,  m o b i l i t i e s ,  mutual compensations, e t c . )  d i r e c t l y  from 
f l i g h t ,  and t r a c i n g  of t h e  dynamics of adap ta t i on  t o  t h e  i n f luence  
of  t h e  f a c t o r s  accompanying i t .  
D e t e r i o r a t i o n  of some condi t ioned r e f l e x  a c t i v i t i e s  ( i nc rea sed  
l a t e n t  r e f l e x  p e r i o d s ,  a l t e r e d  s t r e n g t h  r a t h o s ,  d i s i n h i h i t i o n  of  
d i f f e r e n t i a t i o n s )  a r e  p o s s i b l e  i n  t h e  i n i t i a l  pe r iod  of f l i g h t .  
La t e r  on,  s igns  o f  adap ta t i on  processes  and gradua l  normal iza t ion  of 
h igher  nervous a c t i v i t y  obviously  w i l l  appear .  
N.' B . :  
To o b t a i n  t h e  f u l l  range of expected informat ion,  p r e c i s e  working 
oft.!&& l i f e - s u p p o r t  system and appara tus  record ing  motor a c t i v i t y  

weightlessness and other factors of space flight on the rate of phase 
rJestructuring, stability, and rhythmsti.ucturei of. some physiological 
procecses. 
Data from the medical control of cosmonaut condition, as well as 
results of?:..physiological studies done in biosatellites, have shown 
evidence of changes in the characteristics and interrelationships of 
periodic processes in the body during the course of protracted space 
flight. This primarily refers to circadian rhythms, which are most 
accessible to observation during flight and most important for evalua- 
ting the condition of the body in these situa'tions. 
According to recent data, the role of time-sensor may be played 
not only by light, temperature, and pressure, but also by geophysical 
factors: magnetic and electrical fields. It is presumed that, in 
space flight, the structure of circadian rhythms changesand the 
rapidity of their phase restructuring decelerates in connection with 
changes i,n a number of geophysical variables. 
Desynchronization and lengthening of circadian rhythm phase 
restructuring may also occur during flight as a result of the stressful 
effect of weightlessness and other flight factors. Manifestations 
of desynchronization in animals experiencing stress, in particular 
hypokinetic stress, can precisely be established by changes tn the 
transient .rhythms of physiological processes. 
The results of biorhythm research conducted on piloted flights 
can be supplemented and expanded by material obtained in experiments 
done on animals in biosatellites. The results obtained in the latter 
case are not complicated by the interference of social, motivational, 
L 
and emotional factors, which.is extremely important for research into / 2 5  ii 
-
1, the mechanisms of weightlessnesst effects on circadian rhythms. The 
t definite meth~dological advantages of conducting such experiments on 
animals are obvious, 
An inverse ratio between the dynamics of average daily body 
temperatures and motor activity in rats during the course of the 
animal!s adaptation to weightlessness over the entire period of 
a fkLght were shown in an experiment on the  cosmos-782" biosatellite. 
In addition,,a normal distribution of these figures within the limits 
of the daily cycle was established. 
Investigation into the status of the circadian periodicity of 
physilogical processes will t~e conducted in an experiment on the 1979 
biosatellite, using the indices of the snimalst motor activity and 
body temperatures. The values for the cited indices will be studied 
as functions of time and analyzed as characteristics of temperature 
homeostasis and motor functioning of the body dulqfng weightlessness. 
c - Analysis of the results from the standpoint of the thermodynamics 
i 
r and kinetics of non-equilibrium systems permits study of the entire 
i complex of investigated phenomena, including changes in motor function 
i '  
I and body temperature associated with the periodics of their alterations. 
t Both indices will be recorded from 5 animals on the flight and 
1. the same number in the synchronous experiment and in the vivarium 
1 
i controls, 
L 
i .. The standard BIOS unit,, similar to those used on previous bio- 
1 
% - satellites, will be used to contain the experimental animals. Circadian 
" .  periodics in the remaining animals kept under similar conditions in 
. _ flight and in the synchronous experiment will also be evaluated, - but 
k ;  by motor activity alone. 
f i. 
.. Prior selection of the rats fol* the flight and synchronous / 2 6  
-
experiments, according to types of nervous activity, will be carried 
out using the "in the fieldtt method. 
. r 
. 
.. 
C% 
In the pre- and post-experiment periods, just as in flight, all 
. t 
t :; animals will be kept in 12 hours of "lightu and 12 hours of "darkness." 
i*! 
L .  
L :: 
To obtain information about the effects of these conditions on I 
the rapidity of adjustment for the parameters being studied to 
external time-sensors in comparison with terrestrial conditions, 
a photoperiod phase shift will be performed in the containment units 
of 5 animals (one ffBIOSu unit) i.n the flight and synchronous experiments. 
To accomplish this, one of the "lightff or "darkff periods in the middle 
of the flight will be extended by 12 hours, and thus the photoperiod 
phase will be shifted 180°. In the remainder of the BIOS, lighting 
periods will remain unchanged. After the flight and synchronous 
experiments, a second photoperiod phase shift of 180° should be 
performed in order to study the influence of readaptation on the rapidity 
of circadian rhythm restructuring. 
In addition to the status of initial and postexperimental circadian 
rhythm, transient stimulus-response activity rhythms in the animals 
will be studied before and after the flight, using a methodology 
developed by specialists in the GDR. According to this method, a 
mechanical reflex to painful reinforcement is produced, and the latent 
period and time of lever displacement (without reinforcement) is then 
determined every 30 seconds. Experience has show11 that the value of 
the cited indices changes period.ically (the normal period is 5-7 minutes). 
The oscillation period and amplitude depend on the time of day, but 
the phase coincidence of these processes is a sensitive indicator of /27 
stress. The operation will be carried out with the aid of a special 
device developed and prepared by specialists from the GDR. Determin- 
ation of excreted catecholamines and some electrolytes in the ratsf 
urine will be conducted by GDR specialists in the postexperiment 
examinations. Round-the-clock urine tests for these analyses will 
be performed simultaneously with balancing studies conducted using-.cages 
specially intended for this. 
The animals designated for the "Biorhythms" experiment will be [ i 
the onlygroupkept alive for readaptation during the 25-day period i P 
4 i' 
after the end of the flight.Therefore., some observations not directly w 
t associated with the solution of the biorhytlm problem will be done on 
1 
these ( 5 )  rats.- Studies on vestibulo-motor reactions belong here. , 
25 i 
I 
i 
. . i  . . r . i  : . s  . ?  .. A 
Also to be conducted w5thin this framework are: a study of the postures 
and movements of the animals recorded on film; a Magnus vestibulo- 
spinal reflex study; electromagnetic study of the lift reflex; electro- 
myographic study of the nystagmus reaction and evaluation of the 
animalst static strength. 
Finally, measurement of the energy-metabolism of the animals 
in this group will be performed using gas analysis of enclosed space 
air, 
- - my--- I 
. -" -- A* &. --- .----...- 
.. .,';-'. 
I 
\ 
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TABLE 5, PRE- AND POST-FLIGHT PHYSIOLOGICAL 
STUDIES I N  THE "BIORHYTHM" EXPERIMENP I 
No. Types of  S t u d i e s  P e r i o d  Number of Executor  
Covered Animals 
1. C i r c a d i a n  rhythm stu.dy Bay 21, 22 20 Irlst. o f  
be fo re  f l i g h t  Med. & BioL. 
Probs . ,  USSR 
Day 1, 9-10, Minis .  o f  H e a l t h  
16-17,  23  
a f t e r 7 f l i g h t  
2 .  T r a n s i e n t  rhythms s tudy :  
I. T r a i n i n g  
2 .  Study 
Days 17-13 20 IHumboldt 
b e f o r e  f l i g h t  U n i v e r s i t y  
(Nervous 
20 Days 12-11 Disease  C l i n i c ,  
b e f o r e  f l i g h t  Dept.  o f  
~ e k r o p a t h .  ) 
1 0  GDR -- Day 4 ,  5,  11, 
15 ,  20 a f t e r  
f l i g h t  
- 
3. Catecholamine and Day 0, 3, 8, 
e l e c t r o l y t e  e x c r e t i o n  1 4 ,  1 9  a f t e r  
s t u d i e s  f l i g h t  
10  M i l i t a r y  
I n s t .  of  
A v i a t v n  Med. 
Poland 
4. Balance s t u d i e s  Day 0, 3, 8 ,  1 0  IMiiBP, 
1 4 ,  1 9  a f t e r  USSR M i n i s t .  
f l i g h t  of  H e a l t h  
5. Vest ibulo-motor  r e a c t i o n s  Day 9 , ;  1 0  IM&BP, 
s t u d i e s  b e f o r e  f l i g h t  20 USSRMli 
D ~ Y  2; 4 ,  6, 7 ,  
12 ,  13, 21, 24  
a f t e r  f l i g h t  
6.  Gast metabolism s t u d i e s  Day 9 b e f o r e  f l i g h t  20 IM&BP, 
USSR MH 
Day 2, 5, 11, 15 ,  
21  a f t e r  f l f g h t  1 0  
"on t h e  " f l i g h t u  group o f  an imals .  Analogous s t u d i e s  on an imals  i n  t h e  
synchronous s t u d y  w i l l  be  done w i t h  a  5--day d i sp lacement .  27 
The "Body Structure" Experime'nt 
The goal of the experiment is the determsnation of the influence 
of a 20-day b i o s a k e l l l t e  Slight on the mass and structure of the 
following components of the body: lean mass of body, musculo-skeletal 
system, liver, spleen, gastro-intestinal tract, kidneys, heart, lungs, 
skin, adrenals, sex glands, and central nervous system (brain and 
spinal cord). 
Numerous experiments conducted by various scientists have shown 
the influence of weightlessness in decreasing the participation of 
the musculo-skeletal system in locomotion and posture support, leading 
to muscular atrophy, demineralization of osseous tissue, and to decrease 
in,+ody mass. Reduction in body mass may be associated both wbth 
decreased adipose tissue mass, which proves extremely mutable, and 
with reduced lean body mass, which is possibly the result of a disturb- 
ance of protein synthesis in the tissues of various organs. 
5 male rats are to be used for the experiment. Dissection of 
the animals is to be performed 1-2 weeks after completion of the flight 
at the USSR Ministry of Health Institute for Medical and Biological 
Problems. 
After sacrifice, incisions will be made as close as possible to 
the tissue integument, and the zontents of the gastro-intestinal tract 
will be extracted. The skin will then be removed and the heart, liver, 
gastro-intestinal tract, kidneys, spleen, lungs, adrenals, sex glands, 
brain, and spinal cord will be extracted. 
The total mass of all the prepared components will be compared 
with the overall pre-preparation mass. 
The water content in each isolated organ and in the rnusculo- 
skeletal system will be determined by leophilization and the fat 
content by direct extraction using petroleum ether in a Soxhletls /30 
apparatus. After this, the dried organs, free of fat, will be carefully 
pulverized, the protein content will be determined using the [Culdall] 
method, and the Ca, K, Na, and Mg content by atomic spectrophotometry. 
Some biochemical indices of the blood will be ascertained. 
The following indices will be computed during processing: 
1. Corrected live mass (mass after sacrifice plus mass of blood 
minus mass ort -fur and coiitents of the gastro-intestinal tract). 
2. Lean body mass: mass of the body less mass of lipids extracted 
from bhe;various campbnents. 
3. Musculo-skeletal system with lean body mass correction. 
4 .  Content of fat, water, protein, K, Ca, Na, and Mg in each 
component and in the corrected live mass. 
Previous  experiments done i n  b i o s a t e l l i t e s  have shown t h a t  space  
f l i g h t s  of up t o  22 days do not  cause pa tho log i ca l  a l t e r a t i o n s  i n  t h e  
bodies of  hea l t hy  a d u l t  male r a t s .  A t  t h e  same t ime,  r e v e r s i b l e  meta- 
b o l i c  changes were noted i n  a number of organs and systems, p r i n c i p a l l y  
t h e  locomotor appa ra tu s ,  myocardium, and o t h e r s .  
z a t i on  and f e t a l  development i s  p o s s i b l e  i n  mammals du r ing  weigh t lessness .  
The i n t e n t  i s  t o  o b t a i n  o f f s p r i n g  (on Ear th ,  a f t e r  completion of t h e  
f l i g h t )  fo l lowing  embryonal development i n  weigh t lessness ,  t o  e v a l u a t e  
t h e  condibion of i n t e r n a l  organs i n  t h e  newborn, t o  d i scnver  any 
developmental anomalies,  and t o  eva lua t e  growth r a t e  and v i a b i l i t y .  
1 There i s  a  b a s i s  f o r  t h e  presumption t h a t  pregnant female r a t s  
f 
and t h e  developing embryos a r e  more s e n s i t i v e  t o  t h e  i n f luence  of 1 
i f l i g h t  f a c t o r s ,  most of a l l  we igh t lessness ,  t h a n  a r e  a d u l t  males. \ 
I Inasmuch a s  "while being p ro t ec t ed  by i t s  mother, t h e  embryo a l s o  
t i s  s u b j e c t ~ t o ~ ~ u n f a v o r a b l e  i n f luences  from t h e  mother ' s  body, t o  i t s  r 
i biochemical ,  immunological, and hormonal d i s tu rbances f f  ( G .  Korner) ,  
1 we might t h i n k  t h a t ,  dur ing  space f l i g h t ,  t h e  e s s e n t i a l  i n f luences  on 
i 
I embryonal development a r e  changes i n  t h e  hormonal s t a t u s  of t h e  mother 
body, d i s t u r b a n c e s  of calcium metabolism, changes i n  t h e  ey throcy te  
system, and some o t h e r s .  
I 
i 
i 
5 A cage system based on t h e  des ign of t h e  p rev ious ly  used BIOS /32 -
1 device  w i l l  be used f o r  t h e  group containment of  animals dc r ing  t h e  
f l i g h t  (BIOS-vivar ia) .  The cage has a  volume of  about 25 l i t e r s ,  d iv ided  
by an opaque p a r t i t i o n  i n t o  two unequal s e c t i o n s :  6 males a r e  kept  i n  
t h e  l a r g e r  and 2 females i n  t h e  smal le r .  There- are' two .apect-ures." i nL the  
t p a r t i t i o n  which w i l l  open upon command from Ea r th  on t h e  second day of  
t h e  f l i g h t .  Thus, i f  t h e  f l i g h t  l a s t s  20  days,  t h e  f i r s t  o f f s p r i n g  w i l l  
be ob ta ined  on t h e  3rd o r  4 th  day a f t e r  r e t u r n  t o  Ear th ,  inasmuch a s  
i n t r a u t e r i n e  development i n  r a t s  l a s t s  21 days*. 
*If i ' e r t i l i z a t i o n  does not  t a k e  p l ace  i n  f l i g h t ,  i t  i s  proposed t h a t  
i t  be accomplished on Ea r th  a f t e r  t h e  f l i g h t ,  
i 30 
.., 
-- -- 
.++i ' 6 - . I . 7" ' .  . . 
A f t e r  completing t h e  f l i g h t  and o b t a i n i n g  t h e  o f f s ~ ~ r i n g ,  t h e  
fo l l owing  t a s k s  w i l l  be c a r r i e d  ou t :  
--examinatLon of t h e  newborn r a t s ,  males and females ( f o r  appearance 
of  p o s s i b l e  developmental anomalies; e v a i u a t i o n  of 3.nternal organ con- 
d i t don  u s i n g  morphological ,  cytochemical ,  and biochemical  methods); 
- -observat ion of t h e  rats,  males and females,  which developed i n  
weigh t lessness  f o r  a  per iod  of 8-10 weeks fo l lowing  b i r t h  ( s t a d g  of 
growth and development r a t e s ,  eva lua t ion  of  v i a b i l i t y  accord ing  t o  
au todefense  and r k a c t i v i t y ) ;  
---examination of t h e  r a t s  developed i n  weigh t lessness  a f t e r  they 
a r e  f u l l y  grown ( e v a l u a t i o n  of hormone s t a t u s ;  s tudy of t h e  c o n d i t i o n  
o f  organs  and systems r e a c t i n g  s p e c i f i c a l l y  t o  we igh t l e s snes s  -- such 
as muscles, s k e l e t a l  appara tus ,  e ry thron ,  myocardium); 
- -ob t a in ing -o f f sp r ing  by i n t e r b r e e d i n g  males and females wh3-ch /33 
underwent i n t r a u t e r i n e  development i n  weigh t lessness ,  a s  w e l l  as i n t e r -  
b reed ing  of a d u l t  r a t s  who were on t h e  f l i g h t  w i t h  t h e  col?.trol ra ts  
(males and f ema le s ) .  Appearance of  p o s s i b l e  developmental anomalies i n  
the , .  ofCSpi?ing t h u s  ob ta ined  and eva lua t ion  of t h e i r  v i a b i l i t y  and 
growth r a t e s .  
A diagram of t h i s  work wi th  animals du r ing  and a f t e r  f l i g h t  i s  
p r e sen t ed  i n  t a b l e s  6,  7 ,  and 8.  
The animals kept  i n  t h e  vivarium and t h e  animals  from t h e  synchronous 
experiment i n  the~dbiosatellite~~mod~l~on E a r t h  w i l l  s e rve  as c o n t r o l s .  
TABLE 6 .  BASIC STAGES OF WORK WITH ANIMALS 
IN THE u ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ l l  EXPERIMENT 
( I N  FLIGHT AND AFTER COMPLETION) 
No. T i t l e  o f  Work G ~ o u p  P e r i o d s  
Number 
1. Union o f  males and females  i n t o  1 3 r d  day o f  f l i g h t  
one  group.  
2 .  S a c r i f i c e  o f  newborn r a t s  borne by from 4 t h  day 
females  o f  t h e  f l i g h t  group ( g e n e r a t i o n  I )  2 aFOer flight% 
3. V e r i f i c a t i o n  of  o v u l a t i o n  c y c l e s  i n  1 5-6 weeks a f t e r  
f emales  which were on f l i g h t .  o f f  s p r i n g  b i r t h  
4. F e r t i l i z a t i o n  o f  f l i g h t  group 1~ 5-6 weeks a f t e r  females  by c o n t r o l  males.  o f f  s p r i n g  b i r t h  
5. Examinat ion of  ra t s  born of  f l i g h t  3 9 4  8-10 weeks from 
group females  a f t e r  r e a c h i n g  m a t u r i t y .  day of  b i r t h  
a- 
6.  I n t e r b r e e d i n g  of males and females  4 1 0  weeks from 
f rom f i rs t  g e n e r a t i o n  o f  o f f s p r i n g .  
- 
day o f  b i r t h  
- 
7.  S a c r i f i c e  o f  male and female a d u l t s  3 8-10 weeks a f t e r  
from f i rs t  g e n e r a t i o n  o f  o f f s p r i n g .  day o f  b i r t h  
- 
8. S a c r i f i c e  o f  newborn ra t s  from f l i g h t  5 immediately 
group females  f e r t i l i z e d  by c o n t r o l  a f t e r  b i r t h  
males -- g e n e r a t i o n  I a t ( c f .  No, 4 ) .  
9. Observa t ion  of  g e n e r a t i o n  La o f f s p r i n g  6 8-10 weeks from 
b e f o r e  r e a c h i n g  f u l l  m a t u r i t y .  day of' b i r t h  
1 0 .  S a c r i f i c e  o f  male and female  an imals  6 8-10 weeks a f t e r  
from g e n e r a t i o n  I a .  d a y  of  b i r t h  
11. S a c r i f i c e  o f  newborn ra t s  o b t a i n e d  7 immediately 
from o f f s p r i n g  o f  f l i g h t  group an imals  a f t e r  b i r t h  
-- g e n e r a t i o n  I1 ( c f .  No. 6 ) .  
12. O b s e r v a t i o n  of g e n e r a t i o n  I1 o f f s p r i n g  8  8-10 weeks from 
u n t i l ,  r e a c h i n g  f u l l  m a t u r i t y .  day o f  b i r t h  
13.  S a c r i f i c e  o f  a d u l t  g e n e r a t i o n  I1 an imals .  8  8-10 weeks a f t e r  
day o f  b i r t h  
f w i t h  a f l i g h t  d u r a t i o n  of  2 1  days .  
N .  B . :  I f  a  l a r g e  number of newborn a r e  o b t a i n e d  from each g e n e r a t i o n ,  
t h e  number of  s a c r i f i c e s  w i l l  be i n c r e a s e d ,  I n  t h i s  c a s e ,  b e s i d e s  
t h e  p e r i o d s  n o t e d  i n  t h e  t a b l e ,  s a c r i f i c e s  w i l l  b e  done on t h e  
14-16th and 3 0 t h  days a f t e r  b i r t h .  
CONTROL. 8 
(5-6 weeks a f t e r  
appearance of o f f s p r i n g )  
GENERATION Ia OFFSPRING 
(5. S a c r i f i c e  
A. 
6. S a c r i f i c e  ' 
on f i r s t  day a f t e r  8-10 weeks 
TABLE 7. DISTRIBUTION PLAN FOR ANIMALS FROM THE "ONTOGENESIS" EXPERIMENT 
- 
t h 
2. S a c r i f i c e  on 3. S a c r i f i c e  4. ~ n t e r -  
f i rs t  day a f t e r  8-10 weeks breeding :? 
a f t e r  8-10 
weeks 
f 
7 .  S a c r i f i c e  on 8. S a c r i f i c e  9 
f irst  day a f t e r  8-10 weeks 
TABLE 8 .  "ONTOGENESIStt 
No. Organ, system. I n d i c e s  b e i n g  s t u d i e d .  Group of  Q u a n t i t y  o f  ' 
1. Computation o f  number of  newborn, sex ,  Sodg 2,537 
and o rgan  we igh t s .  
2. Examination, photographing o f  newborn; 2,597 
c a l c u l a t i o n  o f  v i s i b l e  developmental  d e f e c t s .  I 
3 Study of embryonal and  p o s t n a t a l  bone development.  2,5,7 
3,6,8 ( A )  1 h i n d  l i m b  
4.  Study of osseous  t i s s u e  u s i n g  h i s t o l o g i c a l  
and morphometric methods, 
5 Biophysica l  s t u d i e s  o f  osseous  t i s s u e .  
6. Study o f  d e g r e e  of muscle d i f f e r e n t i a t i o n  
on t h e  b a s i s  o f  weight and c o n t r a c t i l i t y ,  
E l e c t r o n  microscope s t u d i e s  of  muscles  
and nerve-muscle endings .  
Study o f  a n a l y z e r  development. 
E l e c t r o n  microscope s t u d i e s  o f  a d r e n a l s .  
1 0 .  Determinat ion  o f  ca techolamine  c o n t e n t  i n  
a d r e n a l  s . 
11. Determinat ion  o f  c o r t i c o s t e r o n e ,  t y r o s i n e ,  
c h o l e s t e r o l ,  t r i g l y c e r i d e ,  and n o n - e s t e r i f i e d  
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11. Biological Experiments - /39 I, 
Along with the physiological studies on small laboratory rats to 
be conducted in the next 1979 biological Earth satellite, a number of 
general biological experiments are planned for further study of the 
peculi.arities of growth, development, morphology, and structuro-, 
physiological conditions of the body during weightlessness. 
The following experiments have been planned: 
--Gravitational preference; 
--"Avian embryogenesf sf'; 
--"Wigher Plants"; 
--"Mammalian Tissue Culturev; 
--"Somatic Embryogenesis of Plant st'; 
--"Crown Galls of Carrots. " 
Successful completion of the experiment will permit further extended 
study of the mechanisms of the influence of weightlessness and terres- 
trial gravity on biological systems. 
b 
1. " G r a v i t a t i o n a l  Preference"  
B i o s a t e l l i t e  f l i g h t s  make i t  p o s s i b l e  t o  c l a r i f y  what g r a v i t a t i o n a l  
f o r c e s  animals p r e f e r  f o r  t h e i r  development and v i t a l  a c t i v i t y .  A t  t h e  
t h e o r e t i c a l  l e v e l ,  t h i s  ques t i on  helps  u s  b e t t e r  unders tand t h e  evo- 
l u t i o n a r y  s i g n i f i c a n c e  of  g r a v i t a t i o n a l  f o r c e ,  and a t  t h e  p r a c t i c a l  
l e v e l  it bea r s  direc.l;l.y upon t h e  t e c h n i c a l  cond i t i ons  f o r  developing 
on-board l i f e  suppor t  systems. 
A c e n t r i f u g e ,  t h e  r o t a t i o n  of which w i l l  c r e a t e  c e n t r i f u g a l  
g r a v i t y  f o r c e s  of  up t o  lg, w i l l  be used f o r  t h e  s tudy  of an-board 
g r a v i t a t i o n a l  preferbence,  The d rosoph i l a  f r u i t  f l y  w i l l  be used a s  
t h e  s u b j e c t .  
A mother c u l t u r e ,  prepared before  t h e  launch of t h e  b i o s a t e l l i t e ,  
w i l l  be p laced a t  t h e  c e n t e r  of  t h e  c e n t r i f u g e ,  i . e . ,  a t  a n  a c c e l e r a t i o n  
of about  Og, wi th  t h e  c u l t u r e  timed such t h a t  " t a k e o f f "  o f  t h e  a d u l t  
f l i e s  w i l l  begin  on approximately t h e  8 t h  day a f t e r  launch.  The c e n t r i -  
fuge has  4 t u n n e l s  made of t r a n s p a r e n t  m a t e r i a l .  3 t roughs  a r e  t o  be 
placed i n  each t u n n e l  f o r  egg l a y i n g  and t h e  development o f  t h e  f i r s t  
gene ra t i on  of f l i e s .  The t roughs  a r e  t o  be p laced  a t  l e v e l s  whose i n t e r -  
v a l s  from t h e  a x i s  of r o t a t i o n  correspond t o  a c c e l e r a t i o n s  of  0 . 2 ,  0.6, 
and lg, c rea t ed  by t h e  r o t a t i o n  of t he  c e n t r i f u g e .  
t 
i G r a v i t a t i o n a l  p r e f e r ence  w i l l  be determined by t h e  q u a n t i t y  of  
eggs l a i d  i n  t h e  t roughs  d i s t r i b u t e d  a t  t h e  3 d i f f e r i n g  l e v e l s  of  g. 
1 
t Natu ra l l y ,  no t  on ly  eggs, bu t  a l s o  l a r v a e  and pupae w i l l  be counted. 
i 
"Takeoff" of t h e  f i r s t  genera t ion  of a d u l t  f l i e s  from t h e  t roughs  must 
not  occur  dur ing  t h e  f l i g h t  of t h e  b i o s a t e l l i t e .  
Besides de te rmin ing  t h e  g r a v i t a t i o n a l  p r e f e r ence  of  t h e  f l i e s ,  
t h e  p a r e n t  d rosophi lae  and t h e  f i r s t  gene ra t i on  w i l l  be sub j ec t ed  t o  - / 4 1  
7 
,. g e n e t i c  and morphological  s t u d i e s .  
An a l t e r n a t i v e  scheme may, i n  p r i n c i p l e ,  a l s o  be used f o r  t h e  
experiment ,  so  t h a t  t h e  f l i g h t  o f  t h e  f l i e s  f rom t h e  mother c u l t u r e  
w i l l  b eg i n  immediately a f t e r  I n s e r t i o n  o f  t h e  s a t e l l i t e  i n t o  o r b i t ,  
bu t  t h e  pa r en t  f l i e s  and t h e  f i r s t  g e n e r a t i o n  w i l l  va ry  i n  phenotype. 
P o s t f l i g h t  r e s e a r c h  on t h e  ob t a ined  m a t e r i a l  w i l l  be done under 
l a b o r a t o r y  c o n d i t i o n s  u s i n g  g e n e t i c  methods. 
- r - -  - -7,- +--=-.--w..,,L --- - Tc7-, 
* . 
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2. "Avian Embryogenesisll , - / 4 2  'i 
We know t h a t  t h e  e a r l y  (embryonal) per iod  of organismal development 
/ i s  most s e n s i t i v e  t o  changes i n  t h e  surrounding mi l i eu .  I n  s t u d i e s  
d 
done i n  t h e  11Cosmos-782n b i o s a t e l l i t e  by t h e  I n s t i t u t e  f o r  Medical and 
B io log i ca l  Problems, i n  co-operat ion wi th  s p e c i a l i s t s  frorfi t h e  Depart- 
ment of Embryology a t  t h e  Lsmonosov Moscow S t a t e  Un ive r s i t y ,  it was :I 
shown t h a t  weigh t lessness  and compensated. g r a v i t y  f o r c e  cond i t i ons  cause 
a  number of' d i s o r d e r s  i n  t h e  couzlse of  embryonal development du r ing  i t s  
e a r l y  s t a g e s  (c leavage  and g a s t r u l a t i o n ) .  With t h e  co-operat ion of .A 
s p e c i a l i s t s  from Czechoslovakia and t h e  p a r t i c i p a t i o n  of  US s p e c i a l i s t s ,  
an experiment designed t o  study t h e  course  of  av i an  embryological  
development i n  weigh t lessness  i s  being planned f o r  t h e  next  b i o l o g i c a l  
Ear th  s a t e l l i t e  i n  1979 .  The experiment w i l l  be conducted u s i n g  eggs 
from t h e  Japanese q u a i l .  The choice  o f  t h i s  s u b j e c t  was d i c t a t e d  most .i 
of a l l  by i t s  good coverage i n  previous  s t u d i e s ,  smal l  s i z e ,  and *i 
prospec t s  f o r  u s i n g  t h i s  spec i e s  a s  a  l i n k  i n  t h e  b i o l o g i c a l  l i f e  
1 
support  system, 
The experiment w i l l  be c a r r i e d  ou t  u s ing  an  on-board i ncuba t ion  
device ,  developed i n  Czechoslovakia, which has  a  60-egg c a p a c i t y .  
Incuba t ion  w i l l  go on f o r  1 2  days of t h e  f l i g h t  a t  to  = 37 - t 1 ° C  and 
a  humidity of 7 0  - + 1 0 % .  Immediately a f t e r  t e r m i n a t i o n  of t h e  f l i g h t ,  ! 
p a r t  o f  t h e  eggs w i l l  be f i xed .  The remainder of  t h e  eggs w i l l  be 
incubated u n t i l  t h e  expected ha tch ing  of t h e  ch i cks ,  i . e . ,  t e n t a t i v e l y  
before  t h e  6 t h  day a f t e r  landing.  
A f t e r  l and ing ,  a  p a r t  of t h e  m a t e r i a l  must be f i x e d  immediately 
i 
f o r  h i s t o l o g i c a l  a n a l y s i s ,  and t h e  o t h e r  p a r t  f i x e d  a s  t h e  ch i cks  ha t ch .  
I n  t h e  p o s t f l i g h t  s t u d i e s ,  p a r t i c u l a r  a t t e n t i o n  w i l l  be  paid  t o  t h e  
t s t r u c t u r e  of t h e  o t o l i t h i c  appara tus  and t h e  s e c t i o n s  o f  t h e  b r a i n  and 
musculoskele ta l  system a s s o c i a t e d  wi th  i t .  I n  a d d i t i o n ,  s tudy of r a t e s  - c ,  - 
i of embryogenesis and growth dynamics i n  weigh t lessness ,  a s  w e l l  a s  /4 3 - tj ?.- p o s s i b l e  remote consequences o f  space f l i g h t  f a c t o r s  on f i rs t  and i 
I 
second gene ra t i on  a d u l t  b i r d s  i s  proposed. 
C 
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3. "Higher Plants1! 
Experiments on h igher  p l a n t s  occupy a n  important  p l ace  among t h e  I 
b i o l o g i c a l  experiments done aboard space c r a f t ,  Resu l t s  of  t h e s e  exper- I I 
iments have shown t h a t  weigh t lessness ,  a s  one of t h e  b a s i c  f a c t o r s  o f  
space  f l i g h t  no t ,  i n  p r i n c i p l e ,  p r e sen t ing  any hindrance t o  t h e  growth 
and development o f  vege tab le  organisms, may a l s o  cause some changes i n  
bo th  t h e  rnorpho-physiological and structure-metabolic cond i t i on  of 
p l an t$ .  I n  p a r t i c u l a r ,  d e v i a t i o n s  i n  p l a n t  organ o r i e n t a t i o n ,  r a p i d i t y  
o f  p l an t  growth, s i z e  and shape of' c e l l s  comprising t h e  t i s s u e s  of 
va r ious  p a r t s ,  a s  we l l  a s  changes i n  t h e  u l t r a s t r u c t u r a l  o r g a n i z a t i o n  
o f  rneristem c e l l s  and c e l l  o rgane l l e s  have been manifested dur ing  t h e  
process  o f  t h e  r e s e a r c h .  
Study of t h e  i n f l u e n c e  of space f l i g h t  f a c t o r s ,  c h i e f l y  weigh t less -  
ness ,  on t h e  s t r u c t u r a l  o rgan iza t i on  and f u n c t i o n a l  a c t i v i t y  o f  h igher  
p l a n t s  w i l l  be cont inued i n  t h e  1979 b i o l o g i c a l  s a t e l l i t e .  A b i o l o g i c a l  
r e s e a r c h  dev ice  ( B B I - l ) ,  and an  on-board greenhouse designed f o r  auto-  
matic c u l t i v a t i o n  of h igher  p l a n t s  from d r i e d  seeds  du r ing  weigh t lessness  
w i l l  be i n s t a l l e d  aboard t h e  b i o s a t e l l i t e  i n  o rde r  t o  c a r r y  ou t  t h e  
experiment.  
The bas i c  goa l  of t h e  experiment i s  t h e  s tudy  of t h e  i n f luence  of 
weigh t lessness  on t h e  dynamics of growth and t h e  o rgan iza t i on  and movement 
o f  p l an t  organs;  t h e  s tudy  of  t h e  na tu re  and f e a t u r e s  of p l a n t  c e l l  
o r g a n e l l e ,  t i s s u e ,  and organ o r i g i n  and format ion.  The proposed s u b j e c t s  
of  t h e  s tudy -a re  maize, a r ab idops i s ,  Peking cabbage, f l a x ,  e t c .  
The "BBI-1" i n s t a l l a t i o n  c o n s i s t s  of t h e  fo l lowing  b a s i c  p a r t s :  /45 
-- 
l i g h t i n g  system, vege t a t i on  ba th ,  water  supply tank ,  primary s u b s t r a t e  
we t t i ng  pack, and t ime-lapse camera and f i l m  pack. 
I n  t h e  p r e f l i g h t  p r epa ra t i on  per iod ,  t h e  vege t a t i on  ba th  appara tus  
i s  f i l l e d  wi th  a  d ry  s u b s t r a t e  con ta in ing  a c o l l e c t i o n  of  t h e  mineral  
elements needed by p l a n t s  (Hoagland medium), i n  which t h e  sowing of t h e  
d r y  seeds  is t o  t a k e  p l ace .  The app rop r i a t e  volume i s  then  f i l l e d  w i th  
d i s t i l l e d  water  and t h e  motion p i c t u r e  cameras a r e  loaded wi th  f i l m  
(16-mm). The appara tus  i s  au toma t i ca l l y  switched on a f t e r  i n s e r t i o n  of 
t h e  b i o s a t e l l i t e  i n t o  o r b i t .  t h i s  po in t  t h e  l i g h t i n g  and f i l m  
- 
equipment a r e  tu rned  on and t h e  s u b s t r a t e  and seeds  a r e  watered.  The 
s e e d l i n g s  a r e  t o  be cons t an t ly  i l l umina t ed  over t h e  e n t i r e  course  of 
t h e  experiment (about 20 days)  and t h e  camera w i l l  o p e r a t e  i n  t h e  
given mode (1 frame every 1 0  minutes ) .  Atmosphere parameters i n  t h e  
i n s t a l l a t i o n  w i l l  correspond t o  t hose  of t h e  i n t e r n a l  environment i n  
t h e  b i o s a t e l l i t e  f o r  t h e  term of  t h e  experiment.  The i n s t a l l a t i o n  w i l l  
be t u rned  o f f  before  t h e  r e t u r n  t o  Ear th .  
The -vege ta t ion  ba th  and camera and f i l m  w i l l  be removed from t h e  -- - 
i n s t a l l a t i o n  a t  t h e  b i o s a t e l l i t e f s  l and ing  s i t e .  A p a r t  of  t h e  m a t e r i a l  
w i l l  immediately be t r e a t e d  wi th  chemical f i x a t i o r l  agen t s ,  and one 
o the r  p a r t  w i l l  be p laced i n  mel t ing  i c e .  The remaining p l a n t s  w i l l  
be c a r r i e d  i n  a  s p e c i a l  t r a n s p o r t i n g  con ta ine r .  
It i s  proposed t h a t  a n a l y s i s  of  t h e  m a t e r i a l  provided t o  t h e  l ab-  
o r a t o r y  be conducted us ing  chemical and biochemical  methods, a s  we l l  a s  
both l i g h t  and e l e c t r o n  microscopes. 
Mammalian c e l l  c u l t u r e  experiments on t h e  "Cosmas-360" and 
uCosmos-7821f b i o s a t e l l i t e s  and " ~ a l y u t - 6 "  and 11Skylab-311 space s t a t i o n s  
have convincingly  shown t h a t  space f l i g h t  f a c t o r s  have no e s s e n t i a l  
e f f e c t  on animal  c e l l s  i n  t i s s u e  c u l t u r e s  and do not  cause  n o t i c e a b l e  
s t r u c t u r a l  changes and chromosome muta t ions ,  Some metabol ic  and physio- 
l o g i c a l  d i s t i n c t i o n s  between f l i g i l t  c u l t u r e  v a r i a n t s  and t h e  r e s p e c t i v e  
l abo ra to ry  c o n t r o l s  have been descr ibed  ( d i f f e r e n c e s  i n  g lucose  u t i l i -  
z a t i o n  r a t e s ,  accord ing  t o  d a t a  from American c y t o l o g i s t s ,  and i n c r e a s e  
i n  average p o s t f k i g h t  c e l l  nucleus  diameters  [I?. V. Sushkov, e t  a l . ] ) .  
C 
The ques t i on  of p o s s i b l e  changes i n  c e l l  r eproduc t ion  r a t e s  i n  
weigh t lessness  s t i l l  remains open. Common knowledge about t h e  i nc rea sed  
growth r a t e s  i n  c u l t u r e s  of i n f u s o r l a ,  c h l o r e l l a ,  and some o t h e r  
b i o l o g i c a l  o b j e c t s  d i c t a t e  t h e  need f o r  c a r e f u l  s tudy  of t h i s  phenomenon 
i n  more organized systems,  such a s  mammalian c e l l s .  To t h i s  end, 
an exper imental  s tudy of t h e  e f f e c t s  o f  space f l i g h t  on yeproduct ion 
r a t e s ,  some b iomet r ic  i n d i c e s ,  and t h e  gene t i c  appara tus  o f  c e l l s  w i t h i n  
t h e  bodies  of  animals a r e  planned f o r  t h e  next  1979 b i o l o g i c a l  Ea r th  
s a t e l l i t e ;  a l s o  planned i s  t h e  de te rmina t ian  of  p o s s i b l e  r e a c t i o n s  o f  
weightlessness-adapted c e l l s  t o  Ear th  g r a v i t y  when they reproduce 
dur ing  t h e  p o s t f l i g h t  per iod .  
i 
t. 
I Cul tu re s  o f  mammalian c e l l s  a t  t h e  end of  t h e  lag-  and beginning 
, of t h e  log-phase w i l l  be placed on t h e  b i o s a t e l l i t e  and kept  du r ing  f l i g h t  
a t  a  ( p h y s i o l o g i c a l l y )  permiss ib le  temperature  of  30 t 0.5'. This  
- 
i temperature  regime w i l l  make i t  p o s s i b l e  a t  t h e  end of t h e  f l i g h t  1 .  t o  o b t a i n  a  c e l l  popula t ion  a t  t h e  beginning of t h e  s t a t i o n a r y  phase.  
I  
i 
A f t e r  t h e  f l i g h t ,  t h e  c e l l  c u l t u r e s  a r e  t o  be t r a n s p o r t e d  t o  t h e  /47  
l a b o r a t o r y  a t  a l f s t a b i l i e i n g ' f  temperature  of 18-20°. Once i n  t h e  
- .i l abo ra to ry ,  one p a r t  o f  t h e  c u l t u r e s  w i l l  be f i x e d  f o r  c y t o l o g i c a l  
i 
\ a n a l y s i s ,  and ano the r  p a r t  w i l l  undergo s u b c u l t u r i z a t i o n  f o r  t h e  s tudy 
r 
of p o s t f l i g h t  c e l l  passages .  Cul tu res  t aken  from a  s i n g l e  c e l l  suspension 
w i l l  s e r v e  a s  c o n t r o l s ,  and w i l l  undergo t h e  experiment and be  kept  
under i d e n t i c a l  condi t ionn but  not  exper ience t h e  i n f l u e n c e  of  space 
f l i g h t  f a c t o r s .  
Eva lua t ion  of t h e  cond i t i on  of t h e  c u l t u r e s  w i l l  be cnnducted 
us ing  t h e  fo l lowing  c r i t e r i a :  a )  d e n s i t y  o f  c e l l  popu la t i oc s ;  b )  karyo- 
and cytometr ic  da t a ;  c )  chromosome i d e n t i f i c a t i o n  wi th  d i f f e r e n t i a l  
s t a i n i n g  of t h e i r  C ,  R, and S phase bands; and d )  gene mutat ions .  
The planne5 experiment w i l l  permit v e r i f i c a t i o n  of t h e  f a c t s  
p rev ious ly  ob ta ined  and w i l l  p rovide  a d d i t i o n a l  in format ion  about t h e  
1 i n f luence  of space  f l i g h t  on c e l l  d i v i s i o n  r-,%es and t h e  gene t i c  appar- 
a t u s  o f  mammalian c e l l s  i n  t i s s u e  c u l t u r e s .  
prepared by US s p e c i a l i s t s  and w i l l  be conducted j o i n t l y  wi th  Sovie t  
s p e c i a l i s t s .  Performance of t h e  experiments i s  t h e  l o g i c a l  con t inua t ion  
of s t u d i e s  done by t h e  au tho r s  on analogous b io-ob jec t s  du r ing  
f l i g h t  of  t h e   cosmos-782" a r t i f i c i a l  Ea r th  s a t e l l i t e  i n  1975. 
The i n i t i a t o r s  o f  t h e  tlSomatic Embryogenesis o f  P l a n t s t f  
a r e  P ro f .  A. Grigoryan and Prof .  F Stewart  from t h e  New York S t a t e  
Un ive r s i t y  a t  Stony Brook ( U S A ) .  The b a s i c  goa l  of t h e  experiment i s  
t h e  s tudy  of t h e  c a p a b i l i t y  of  i s o l a t e d  somatic p l a n t  c e l l s  t o  d e v e l o ~  
I :  
i ; * normally i n  weigh t lessness ,  q u a n t i t a t i v e  e v a l u a t i o n  of  growth processes ,  
and t h e  development o f  vege t a t i ve  and gene ra t i ve  organs from embryon 
t o  a d u l t  p l a n t ,  both dur ing  f l i g h t  and i n  t h e  p o s t f l i g h t  per iod .  
1 
The a b i l i t y  of somatic c e l l s  t o  c r e a t e  v i a b l e  embryos i n  weight less-  
ness  was demonstrated i n  an experiment p rev ious ly  conducted on t h e  
~ ~ o s m o s - 7 8 2 "  a r t i f i c i a l  Ear th  s a t e l l i t e .  I n  a d d i t i o n ,  however, post -  
f l i g h t  a n a l y s i s  of t h e  m a t e r i a l  revea led  a number o f  f u n c t i o n a l l y  
r e v e r s i b l e  minor d ivergences  from t h e  norm. 
Thus, t h e  expediency of r epea t ing  t h i s  experiment stems t o  a  g r e a t  
ex t en t  from t h e  need t o  confirm o r  deny t h e  r e g u l a r i t y  of  t h e  p rev ious ly  
noted anomalies,  a s  w e l l  a s  more f u l l y  t o  d e s c r i b e  t h e  embryogenic 
p rocesses  of  h ighe r  p l a n t s  5.11 weight lessness .  
The experiment w i l l  be conducted i n  a "BB-2Mu s p e c i a l  con t a ine r ,  
provided by Sov ie t  sources .  The b io lna te r ia l  w i l l  be d e l i v e r e d  i n  
Moscow 5 days be fo re  t h e  beginning of t h e  experiment. O u t f i t t i n g  of  
t h e  c o n t a i n e r s  wi th  b ioma te r i a l ,  de l i ve ry  of  t h e  con ta ine r s  on board, 
and t r a n s p o r t a t i o n  from t h e  l and ing  s i t e  w i l l  be accomplished by Sovie t  
s p e c i a l i s t s .  Analys is  of  t h e  m a t e r i a l  w i l l  be done i n  t h e  U S A .  
45 
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6 .  "Crown Galls of Carrots: 
The experf?nent w i l l  be conducted according t o  t h e  proposal  o f  
US s p e c i a l i s t s  (Un ive r s i t y  o f  Colorado),  under t h e  o v e r a l l  l e a d e r s h i p  
of P ro f .  R .  Baker, i n  conjunct ion wi th  t h e  Div i s ion  of P lan t  Physiology, 
Department of Biology a t  t h e  Lomonosov Moscow S t a t e  Un ive r s i t y  (Depart- 
ment Chief -- P r o f .  M. V.  Gusev). 
The bas i c  goa l  o f  t h e  experiment i s  t h e  continued skudy of  t h e  
extended e f f e c t s  of weigh t lessness  on t h e  growth r a t e  of crown g a l l s  
and t h e  i n t e n s i t y  of metabol ic  p rocesses  i n  tumor c e l l s .  The need f o r  
continuing t h e s e  s t u d i e s  was d i c t a t e d  a l s o  by some e r r o r s  i n  t h e  program 
prev ious ly  c a r r i e d  ou t  i n  experiments aboard t h e  "~osmos-782" a r t i f i c i a l  
Ear th  s a t e l l i t e .  (Became of an  unforeseen d e f i c i t  of  water  i n  t h e  
f l i g h t  version, it was d i f f i c u l t  t o  d e f i n e  t h e  pure  e f f e c t  of  weigh t less -  
n e s s ) .  A broad program of j ?os t f l igh t  m a t e r i a l s  a n a l y s i s ,  us ing  cu r r en t  
biochemical and e l e c t r o n  microscope methods, i s  fo re seen .  P r i m a r y  
attention i n  p o s t f l i g h t  a n a l y s i s  w i l l  be d i r e c t e d  a t  s tudy  of t h e  
d i s t r i b u t i o n  and a c t i v i t y  of c e l l  enzymes, 
The experiment w i l l  a l s o  be c a r r i e d  ou t  i n  a BB-2M con ta ine r .  The 
b ioma te r i a l  i s  t o  be conveyed t o  Moscow 5 days p r i o r  t o  t h e  beginning 
of t h e  expeaiment. Del ivery  of  t h e  con ta ine r ,  placement on board, 
and t r a n s p o r t a t i o n  from t h e  l and ing  s i t e  i s  t o  be accomplished by Sovie t  
s p e c i a l i s t s .  Both t h e  f l i g h t  (exper imenta l )  and t e r r e s t r i a l  ( c o n t r o l )  
ve r s ions  w i l l  be equa l ly  d iv ided  between US and USSR s p e c i a l i s t s  f o r  
f u r t h e r  l a b o r a t o r y  a n a l y s i s .  
P o s t f l i g h t  a n a l y s i s  w i l l  be performed a t  t h e  Div i s ion  of P lan t  
Physiology, Lomonosov Moscow S t a t e  Un ive r s i t y  Department of  Biology, 
and i n  l a b o r a t o r i e s  a t  t h e  Univers i ty  of  Colorado, USA. 
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I 111. Radiob io log ica l  Research 
-- 
The llBioblocklf Experiment 
The primary goal  of t h e  Soviet-French r a d i o b i o l o g i c a l  experiment 
i s  t h e  s tudy o f  t h e  a c t i o n  of heavy cosmic r a d i a t i o n  n u c l e i  on va r ious  
b i o l a g i c a l  o b j e c t s  i n  o rde r  t o  eva lua t e  t h e  r a d i a t i o n  hazards  of  
p o t s a c t  ed space f l i g h t .  
Previous experiments on t h e   cosmos-782" and uCosmos-936" bio- 
s a t e l l i t e s  showed a  more pronounced decrease  i n  i n v e r t e b r a t e  animal ~ 1 
s u r v i v a b i l i t y  and va r ious  s t r u c t u r a l  a l t e r a t i o n s  i n  t h e  c e l l  n u c l e i  
of p l a n t s  which had been a f f e c t e d  by heavy charged p a r t i c l e s  ( H C P ) ,  as 
compared t o  b io-ob jec t s  not  a f f e c t e d  by HCP. 
S t u d i e s  done aboard t h e  "Cosmos-936" b i o s a t e l l i t e  i n  an  assembly 
l o c a t e d  on t h e  e x t e r n a l  s k i n  of  t h e  s a t e l l i t e  and having a 0.2 t o  
0.017 g/cm2 s h i e l d i n g ,  without c o r r e l a t i o n  of HCP s t r i k e s ,  showed more 
s i g n i f i c a r L t  changes i n  s u r v i v a b i l i t y  f o r  a r t emia  s a l i n a ,  when compared 
t o  t h e  s u r v i v a b i l i t y  of a .  s a l i n a  from an  assembly l o c a t e d  w i t h i n  
t h e  b i o s a t e l l i t e .  
However, a s  a consequence of  t h e  r e l a t i v e l y  low i n t e n s i t y  of charged 
R cosmic r a d i a t i o n  p a r t i c l e  flow and t h e  s h o r t  d u r a t i o n  o f  t h e  f l i g h t ,  
f s t r i k e s  on germ-targets  ( i n  s eeds )  were t o o  few f o r  s t a t i s t i c a l  workup. 
4 Besides,  t h e  b io-ob jec t s  i n  t h e  e x t e r n a l  con t a ine r  were " sca t t e r ed" ,  
so c a l c u l a t i o n  of b i o - o l j e c t s  a f f e c t e d  by HCP could no t  be done. A l l  
of t h i s  complicated i n t e r p r e t a t i o n  of t h e  d a t a  ob ta ined .  
d 
9 
*. 
I n  o rde r  t o  determine t h e  f low and charge and energy s p e c t r a  of  t h e  
heavy r lucle i  pa s s ing  through t h e  b i o l o g i c a l  o b j e c t s ,  as w e l l  as t o  
5 I 1ocaliz.e v a d i a t i o n  damage i n  t h e  ob j ed t s ,  p l a s t i c  d i e l e c t r i c  r a d i a t i o n  i * d e t e c t o r s  LJ9!L1 bW.p2dc&d in:, %aye's?s':b6si8bt-th&c b2slogica2.i obrj ecGs . 
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The e x t e r n a l  b ioassembl ies  w i l l  be occupied by 8 c e l l s  measuring /51 
40 X 14 .5  rnm, o f  which 4 a r e  Sov i e t  and 4 a r e  French. The i n t e r n a l  
BB-1M bioassembly w i l l  c o n s i s t  o f  2 automat ic  assembly- inse r t s  from 
Sov i e t  and French sources .  Dismounting and scanning o f  t h e  b ioassembl ies  
under t e r r e s t r i a l !  c o n d i t i o n s  w i l l  be conducted a f t e r  t h e  f l i g h t .  
The r e s u l t s  o f  t h e  s t u d i e s  w i l l  pe rmi t  us t o  e v a l u a t e  t h e  b i o l o g i a a  
e f f e c t s  o f  heavy cosmic r a d i a t i o n  p a r t i c l e s  behind minimal s h i e l d i n g  
2 i n  t h e  range  o f  0.02-0.3 g/cm , and permi t  e v a l u a t i o n  o f  t h e  dependence 
of  t h e  r a d i o b i o l o g i c a l  e f f e c t  on cosmic HCP topography, accord ing  t o  
c r i t e r i a  o f :  v i a b i l i t y ,  development and c e l l  s t r u c t u r e  o f  h ighe r  p l a n t s ,  
and t h e  s u r v i v a b i l i t y  and development o f  a r t emia  s a l i n a  and u n i c e l l u l a r  
a l g a e  ova. 
The exper iments  t o  be conducted w i l l  enab le  u s  t o  o b t a i n  m a t e r i a l  
foa  e v a l u a t i o n  o f  t h e  r a d i a t i o n  hazards  o f  cosm-i n r a i i i  l L i n n  n 7 - - 1  - a  
I V .  Radia t ion  Physics  Research 
MEGI-5 Experiment (S tud i e s  on an  E l e c t r o s t a t i c  S h i e l d i n g  Module) 
The bas ic  goa l  of t h e  experiment i s  t h e  des ign ing  and development 
of t e chno log ica l  and s t r u c t u r a l  f e a t u r e s  f o r  a n  e l e c t r o s t a t i c  s h i e l d i n g  
(ES) module which a c t s  l i k e  an a c t u a l  s h i e l d ,  L ng t h e  vacuum surrounding 
.vie space  c r a f t  a s  a n  i n s u l a t i n g  medium, and t h e  s tudy  of i t s  energy 
The experiments d e a l i n g  wi th  ES models which were conducted aboard 
t h e  uCosmos-605tt, Cosmos-690", "Cosmos-78211, and "Cosmos-936" showed 
t h a t  i t  i s  pos s ib l e ,  i n  p r i n c i p l e ,  t o  c r e a t e  and maintain, s t r o n g  
7 e l e c t r i c a l  f i e l d s  ( l o 6  - - 2 - 1 0  V/m) aboard space c r a f t .  A s tudy of t h e  
e l e c t r o - i n s u l a t i n g  p r o p e r t i e s  of t h e  vacuum surrounding t h e  space c r a f t  
demonstrated t h a t  conduction c u r r e n t s  i r  t h e  des igna ted  f i e l d s  (where 
2  P r 120 k V )  do no t  exceed 1 0  -13 amp/cm , i. e . ,  maximum s p e c i f i c  energy 
consumption f o r  t h e  ope ra t i ng  vo l t ages  o f  h igh v o l t a g e  t r ans fo rmer s  
( cons ide r ing  e f f i c i e n c y )  may l i e  i n  th.e range of l o e 3  t o  1 0 - I  w/m2. 
This makes t h e  des ign ing  of an ES a  r e a l  p o s s i b i l i t y ,  cons ide r ing  t h e  
energy r e sou rces  c u r r e n t l y  a v a i l a b l e  aboard space c r a f t .  1 
Hence, t h e  next  s t a g e  of work i s  t h e  des ign ing  and t e c h n o l o g i c a l  
development of t h e  kind of ES element which would guaran tee  a high 
degree of r e l i a b i l i t y  and s impl i fy  i n s t a l l a t i o n  o f  t h e  f i n i s h e d  product ,  
cons ide r ing  t h e  complex geometry of t h e  volume t o  be s h i e l d e d  and 
s t a n d a r d i z a t i o n  of ES elements . 
I n  view of  t h e  f a c t  t h a t  r eg ions  o f  decreased e l e c t r i c a l  f i e l d  
would e x i s t  a t  t h e  edges of a d j o i n i n g  elements,  which could have a n  
e f f e c t  on t he  e f f i c i e n c y  of t h e  s h i e l d i n g  module, i t  i s  necessary  t o  
choose t h e  opt imal  shape f o r  t h e  i n d i v i d u a l  module, such t h a t  t h e  a r e a  - /53 
sh i e lded  would be maximized and t h e  per imeter  l i m i t i n g  t h i s  a r e a  
minimized. Herein l i e  t h e  s t r u c t u r a l  f e a t u r e s  of t h e  ES module. 
The i tems enumerated above c a l l  f o r  t h e  development of a s tandard ized  
ES .element-module wi th  a  300 kV high-voltage e l e c t r o d e .  Grouping of 
such modules u s i n g  a  s i n g l e  source  would permit  t o t a l  o r  p a r t i a l  
s h i e l d i n g  (depending upon t h e  miss ion)  of t h o s e  p o r t i o n s  o f  t h e  space 
c r a f t  most vu lne rab l e  t o  r a d i a t i o n  aga ins t  t h e  e f f e c t s  of  e l e c t r o n s  
from t h e  E a r t h ' s  r a d i a t i o n  b e l t  and the  bremsstrahlung generated 
by them. 
P u l l - s c a l e  r e s e a r c h  on s imulated ES modules permit  us t o  determine 
exper imental ly  t h e  opt imal  p r a c t i c e  (shakedown) regimes f o r  high- 
vo l tage  elements i n  o rde r  t o  adopt measures, i f  necessary ,  t o  reduce 
t r a n s i t i o n  t ime t o  t h e  ope ra t i ng  regime and draw conclus ions  about  
s t r u c t u r a l  f e a t u r e s ,  weight-dimension c h a r a c t e r i s t i c s ,  and energy 
consumption f o r  a c t u a l  ES modules. Ca l cu l a t i ons  o f  background 
brernsstrahlung genera ted  by  c o n d w t i o n  c u r r e n t  e l e c t r o n s  from t h e  
high-voltage vacuum i n t e r s p a a e  i n  t h e  narrow s h i e l d  of  t h e  module 
w i l l  be def ined  more p r e c i s e l y  by t h e  r e s u l t s  of t h e  experiment.  
! Inasmuch a s  ES make p rov i s ions  f o r  t h e  presence of  e l e c t r o n i c  f 
supply, monitoring,  and c o n t r o l  u n i t s  f o r  t h e  s h i e l d i n g ,  t h e  choice  of  
I 
e l e c t r o n i c  dev i ce s  needed f o r  t h e  cons t ruc t i on  of va r ious  e l e c t r o n i c  
components f o r  t h e  ES p l ays  an important  p a r t  i n  ensur ing  f u n c t i o n a l  I'- 
I r e l i a b i l i t y .  Th is  n e c e s s i t a t e s  r e sea rch  i n t o  t h e  e f f e c t s  o f  t h e  
environment i n  o u t e r  space  on t h e  r e l i a b i l i t y  of  e l e c t r o n i c  dev i ce s .  
I n  a d d i t i o n ,  previous  r e s e a r c h  on t h e  e l e c t r o - i n s u l a t i n g  p r o p e r t i e s  
:. 
$. - 
of t h e  vacuum surrounding space c r a f t  has shown t h a t  r e l - i a b l e  opefiation& 
r of t he  electro-vacuum devices  used i n  space technology i s  p o s s i b l e  
C 
! when a n  a i r - t i g h t  envelope i s  l ack ing .  
It i s  proposed t h a t  t e r r ~ a t r i a l  experiments u s ing  models be c a r r i e d  
ou t  before  r e s e a r c h  i s  done on t h e  1979 b i o s a t e l l i t e .  We propose doing 
s t u d i e s  a t  p r e s s u r e s  i n  t h e  range of 5 X t o  mm H g ,  which 
corresponds t o  t h e  p r e s s u r e  w i th in  t h e  working volume of  t h e  e l e c t r o -  
s t a t i c  s h i e l d i n g  module i n  space.  This has been confirmed b y  d i r e c t  
I 
, pres su re  measurements i n  t h e  MEGI-4 complex high-voltage chamber on t h e  
~r~osmos-936t7  b i o s a t e l l i t e .  
1- 
I, 
The t echno log ica l  p r i n c i p l e s  f o r  des ign  of t h e  module and extended 
maintenance of hi.gh vo l t age  (up t o  300 k V )  i n  it, under vacuum cond i t i ons ,  
must be worked ou t  i n  t e r r e s t r i a l  experiments.  Previous  experiments 
have i n d i c a t e d  t h a t ,  with vo l t ages  o f  up t o  120 kV and s p e c i f i c  f i e l d  
7 d e n s i t i e s  of  e ~ 1 0  V/m, cond i t i ons  w i th in  t h e  high-voltage vacuum &nte??- 
space a r e  f a r  from enough t o  cause  breakdown. However, wi th  f u r t h e r  
i n c r e a s e  i n  vo l t age ,  even wi th  s p e c i f i c  f i e l d  d e n s i t i e s  cons iderab ly  
lower t han  t hose  which t e r r e s t r i a l  measurements have shown t o  be 
s a f e ,  temporary i n s t a b i l i t y  and i n c r e a s e s  i n  l eakage  c u r r e n t s  may be 
observed, which may be r e f l e c t e d  i n  t h e  ope ra t i on  of t h e  module, Technical  
f a c t o r s ,  such a s  t h e  high vo l t age  supply system, mounting of  t h e  high- 
vo l t age  e l ec t rode ,  q u a l i t y  and geometry of  t h e  i n s u l a t o r s ,  e t c . ,  a l s o  
play a major r o l e  here .  ES module assembl ies  developed dur ing  t h e  
p rocess  of t e r r e s t r i a l  experiments w i l l  undergo t e s t i n g  f o r  f u n c t i o n a l  /55 
r e l i a b i l i t y  under a c t u a l  cond i t i ons .  
The genera l  c o n s t r u c t i o n  of t h e  MEGI-5 complex i s  analogous t o  
t 
: t h e  MEGI-1 through MEGI-4 complexes used on prev ious  b i o s a t e l l i t e  
F 
f. f l i g h t s .  The ES module and two assembl ies  f o r  e l e c t r o n i c s  r e l i a b i l i t y  
I t e s t i n g  a r e  t o  be i n s t a l l e d  on t h e  o u t e r  s u r f a c e  of t h e  b i o s a t e l l i t e l s  
k ins t ruments  module. Control  and complex d a t a  p rocess ing  u n i t s  w i l l  be t 
I" l o c a t e d  wi th in  t h e  b i o s a t e l k i t e .  
i 
i 
e The b a s i c  element of  t h e  complex i s  t h e  i n t e r n a l  high-voltage u n i t ,  
b 
I con ta in ing  a  high-voltage source ,  e l e c t r o d e  system (high-vol tage e l e c t r o d e  
I and narrow screen ,  l c c a t e d  under t h e  p o t e n t i a l  of t h e  body),  s imu la t i ng  
t 
t h e  elementary c e l l  of an  a c t u a l  ES, s t anda rd  high-frequency dev ice  
i: 
k with  de t achab le  cas ing ,  and senso r s  f o r  p r e s su re ,  vacuum i n t e r s p a c e  
1 cu r r en t ,  and o t h e r  a u x i l i a r y  a p p a r a t i .  
The s e r v r c e a b i l i t y  of t h e  ES module a t  - 300 kV s h i e l d  e l e c t r o d e  
o p e r a t i n g  vo l t age  w i l l  be t e s t e d  f o r  t h e  f i r s t  t ime du r ing  t h e  f u l l -  
s c l a e  experiment.  The r e s u l t s  o f  t h e  experiment w i l l  a l low us t o  make 
E. 
,. e s t i m a t i o n s  and t h e o r e t i c a l  eva lua t ions  of  t h e  s p e c i f i c  t e chno log ica l  
i p r i n c i p l e s  Tor c o n s t r u c t i o n  of an ES module and i t s  energy and weight- 
r 
i dimension c h a r a c t e r i s t i c s .  
7.-a-' 5 vpe----- .r  - --- r- -7 -  - "-.--- - .--** 
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In addition, recommendations concerning the use of standard 
electro-vacuum devices with pressurized capsules will be made. 
Serviceability testing of a wide range of electronics devices 
will allow us to include them among those needed for functionally 
reliable ES. Direct measurements of the electro-insulating properties 
of the module at the given voltages will make it possible to evaluate 
the energy and weight-dimension characteristics of the module as a 
component element of the ES. 
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The goal  o f  t h e  experiment i s  t e s t i n g  of t h e  p r o t e c t i v e  p r o p e r t i e s  
o f  a  d i e l e c t r i c  s h i e l d  on t h e  b i o s a t e l l i t e  o r b i t .  Previous experiments 
on t h e  t1Cosmos-690~, ftCosmos-782", and uCosmos-93611 b i o s a t e l l i t e s ,  i n  
which s t u d i e s  were done on t h e  s t a b i l i t y  of t h e  volume charge i n j e c t e d  
i n t o  t h e  d i e l e c t r i c  i n  a n  e l e c t r o n  a c c e l e r a t o r  i n  open space cond i t i ons ,  
and t h e  methodo&Qg~;~  of  measuring t h e  dhsesz  oh.-tfibpcappu&B~3usi~$c; 
thermoluminescent p l a t e s  (TLP) was worked o u t .  
It i s  proposed t h a t  t h e  experiment on d i e l e c t r i c  s h i e l d i n g  (DS) 
aboard t h e  1979 b i o s a t e l l i t e ,  a s  i n  p rev ious  experiments,  be conducted 
i n  s p e c i a l  c o n t a i n e r s  which make i t  p o s s i b l e  t o  i n s t a l l  t h e  s u b j e c t  
m a t e r i a l  behind t h e  s k i n  o f  t h e  b i o s a t e l l i t e  and expose them t o  o u t e r  
f space,  w i t h  subsequent d e l i v e r y  t o  Ea r th .  
i 1 
i The need t o  i n s t a l l  t h e  d i e l e c t r i c  s h i e l d i n g  elements behind t h e  
r s k i n  o f  t h e  s a t e l l i t e  i n  t h i s  experiment was d i c t a t e d  by t h e  f a c t  that  
I 
i t h e  sk in  m a t e r i a l l y  weakens t h e  primary e l e c t r o n  f low p re sen t  on t h e  
h 
r s a t e l l i t e ' s  o r b i t .  Thus, when t h e  DS elements a r e  i n s t a l l e d  w i th in  t h e  
1 descent  module, t h e i r  s h i e l d i n g  p r o p e r i t i e s  can on ly  be t e s t e d  by t h e  
b 
comparat ively  low i n t e n s i t y  high-energy component, which i s ,  moreover, 1 h igh ly  f i l t e r e d  by t h e  s k i n  l a y e r s .  Besides t h i s ,  cons ide r ing  t h e  
t 
va r ious  p o s s i b l e  a p p l i c a t i o n s  f o r  DS,  i t  would be i n t e r e s t i n g  t o  t e s t  
'r - t h e s e  s h i e l d i n g  p r o p e r t i e s  over a wider range of ene rg i e s .  
i 
F. 
. . Research done i n  b i o s a t e l l i t e  o ~ b i t  has  shown t h a t  the  value  of  t h e  
+ x .  dose ,  averaged bo th  by d e t e c t o r  s e n s i t i v i t y  and t ime of P l i g h t ,  amounts 
1 , 
L ' 
i * t o  from dozens t o  hundreds o f  r a d s .  Data ob ta ined  us ing  t he rmoluminesce~ t  
t i  d e t e a t o r s  have i n d i c a t e d ,  moreover, t h a t  t h e  r a d i a t i o n  i s  r a t h e r  weak. 
I n  accordance w i t h  t h e  goa l s  of  t h e  r e sea rch ,  t h e  p l an  of t h e  /57 
r experiment i s  t h e  fol lowing:  
.& $ 
: The p l a t e s  a r e  i r r a d i a t e d  under c o n t r o l l e d  cond i t i ons  i n  an e l e c t r o n  
a c c e l e r a t o r  and i n s t a l l e d  i n  t h e  b i o s a t e l l i t e t s  con t a ine r s  a long  wi th  
53 
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i t h e  TLP dosimeters .  Uncharged p l a t e s ,  a l s o  wi th  dosirnetere,  a?? ?].so 
i n s t a l l e d  he re .  Considering t h a t  t h e  f low of p e n e t r a t i n g  r a d i a t i o n  i s  
s e v e r a l  o r d e r s  o f  magnitudt' lower t han  t h a t  o f  t h e  e l e c t r o n s ,  t h e  l a t t e r  
can be s epa ra t ed  ou t  without any p a r t i c u l a r  d i f f i c u l t i s e ,  
T e s t i n g  of t h e  s h i e l d i n g  p r o p e r t i e s  of  chwged  d i e l e c t r i c s  a g a i n s t  
e l e c t r o n  flow i n  Ea r th  o r b i t  w i l l  be conducted u s i n g  d o s e - r e g i s t r a t i o n  
techniques  developed i n  previous  experiments,  which were done w i t h  t h e  
a i d  o f  TLP and t h e  use of  t h e  a p p r o p r i a t e  a p p a r a t i .  
The t h i cknes se s  of  t h e  sample p l a t e s  were s e l e c t e d  with consider-  
a t i o n  of e l e c t r o n  s p e c t r a ,  and amount t o ,  correspondingly ,  0 . 5  mm, 
1 . 5  mm, 3 . 0  mm, and 10 mm. One uncharged c o n t r o l  p l a t e  w i l l  be i n s t a l l e d  
f o r  each  t h r e e  p l a t e s  o f  a  given th i cknes s  which were i r r a d i a t e d  I n  t h e  
a c c e l e r a t o r .  Thus, it i s  proposed t h a t ,  i n  a l l ,  e i g h t  d i e l e c t r i c  
s h i e l d i n g  c e l l s  be used. A 1 1  c e l l s  have a  c y l i n d r i c a l  shape wi th  a 
d iamete r  of  4 0  mm and a he igh t  of  14.5 mm. 
The charge d e n s i t y  given t h e  pla. tes w i l l  l i e  i n  t h e  range of  
l o m 6  t o  2 X l o v 6  coulomb;lcm2. Both b e f o r e  and a f t e r  t h e  f l i g h t ,  t h e  
va lue  of t h e  i n j e c t e d  charge w i l l  be measured us ing  a p p a r a t i  and methods 
develaped i n  p rev ious  s t u d i e s .  
P o s t f l i g h t  workup w i l l  be done i n  t e r r e s t r i a l  cond i t i ons  u s l n g  
t h e  developed methodology. 
The goal  o f  t h e  r ea sea rch  on cosmic r a d i a t i o n  dose c h a r a c t e r i s t i c s  
c o n s i s t s  of o b t a i n i n g  d a t a  about t h e  weakening of cosmic r a d i a t i o n  by 
2 t h i n  l a y e r s  (0.003 -- 1.500 g/cm ) of m a t e r i a l  and about t h e  doses  p r e s e n t  
behind t h e  glven l a y e r s .  There i s  v i r t u a l l y  no d a t a  about such ranges  
o f  t h i c k n e s s .  The work being planned i s  a  con t inua t ion  of r e s e a r c h  
done on t h e  uCosmos-936!1 b i o s a t e l l i t e .  I 
The experiment concerning t h e  weakening of cosmic r a d i a t i o n  by 
t h i n  s h i e l d i n g  l a y e r s  w i l l  be conducted, a s  proposed, i n  con ta ine r s  
analogous t o  t h o s e  used i n  t h e  " D i e l e c t r i c  Sh ie ld ing"  experiment, 
which w i l l  make i t  p o s s i b l e  t o  i n s t a l l  t h e  o b j e c t s  t o  be s tud i ed  on t h e  
o u t e r  s k i n  and expose them t o  o u t e r  space,  subsequently r e t u r n i n g  them 
t o  Ear th .  
The need t o  i n s t a l l  t h e  dosimeters  behind t h i n  s h i e l d i n g  l a y e r s  
on t h e  o u t e r  s u r f a c e  of t h e  space v e h i c l e  i s  d i c t a t e d  by t h e  f a c t  t h a t  
t h e  s k i n  m a t e r i a l l y  weakens t h e  e l e c t r o n  f low presen t  i n  t h e  o r b i t .  
The p l an  of t h e  experiment i s  a s  fo l lows :  t h e  TLP dos imete rs  a r e  
i n s t a l l e d  i n  con ta ine r s  behind t h i n  l a y e r s  o f  s h i e l d i n g  (0.003 -- 1.50C 
.g/cm2). Consider ing t h a t  t h e  f low of p e n e t r a t i n g  r a d i a t i o n  i s  s e v e r a l  
o r d e r s  o f  magnitude smal le r  t han  t h e  f low of e l e c t r o n s ,  t h e  bas i c  
c o n t r i b u t i o n  i n  t h e  i n t e g r a l  dose w i l l  be g iven by electronpl.  
I! 
Assemblies w i th  i n s e r t e d  TL d e t e c t o r s ,  screened on t h e  open space P 
1 
s i d e  by s h i e l d i n g  l a y e r s  wi th  q u a n t i f i e d  va lues  ( a t  not  l e s s  t han  
4 p o i n t s ) ,  w i l l  be  i n s t a l l e d  i n  each c o n t a i n e r  on s p e c i a l  p l a t e s .  
Thermoluminescent dosimeters ,  thermoluminophors, and t e f l o n  TLD wi th  /59 
- 200 micron th i cknes se s  w i l l  be used a s  d e t e c t o r s .  
s .  
C. 
Data about t h e  weakening of dose i n  open space by t h i n  s h i e l d i n g  
l a y e r s  i s  planned t o  be obta ined by t h e  d i f f e r e n c e  method. 
- 
.. . 55 
1 
,.._ " LX I 1 . i -  - - -  . 
!4" A 
Six cells are to be used for the aforementioned studies. All, 
cells are cylLndrFcal in shape, having a 40 mm diameter and height 
of 14.5 mm. 
Measurement of the flight samples will be accomplished i,n terrestrial 
conditions on a standard thermoluminercence dosimeter measurement device. 
A curve showing the weakening of the dose by the thin layers and 
qualitative evaluation of the spectra of electrons in the biosatellitels 
orbit will be obtained as results of the studies. 
Experiment on Radia t ion  Sh ie ld ing  
The goal  o f  j o i n t  Soviet-American experiment K-309 i s  measurement 
of  t h e  f luency  of  t h e  low energy component o f  cosmic r a d i a t i o n  
heavy n u c l e i .  
J o i n t  experiments K-103 on t h e  "Cosmos-782" and K-206 on t h e  
ffCosmos-936~~ h i o s a t e l l i t e s ,  done wi th in  t h e  s p a c e c r a f t ,  allowed us  t o  
o b t a i n  t h e  c h a r a c t e r i s t i c s  of cosmic r a d i a t i o n  behind s h i e l d i n g  of  
2 5 g/cm and t h i c k e r .  The low energy componel?t under t h e s e  cond,i t ions 
was completely absorbed by t h e  s k i n  of t h e  space c r a f t .  
1 I n  o rde r  t o  have a r e f e r e n c e  between t h e  f l u e n c i e s  w i t h i n  t h e  c r a f t  
and p a r t i c l e  Flow s t r i k i n g  t h e  e x t e r i o r ,  analogous s t u d i e s  w i l l  have 
t o  be conducted on t h e  o u t e r  sk in .  
I These s t u d i e s  w i l l  be done i n  c o n t a i n e r s  on t h e  s u r f a c e  o f  the  j ; b i s s a t e l l i t e .  These c o n t a i n e r s  make i t  p o s s i b l e  t o  i n s t a l l  dos imete rs  
on t h e  s u r f a c e  and expose them t o  space and subsequent ly  r e t u r n  them 
t o  Ear th .  
The dosimeter  assembl ies  (d iameter  4 0  mrn, he igh t  14.5 mm) w i l l  
be occupied by 6 c e l l s  (4 US and 2 USSR.). A c o l l e c t i o n  of  b a f f l e d  
d i e l e c t r i c  t r a s k  d e t e c t o r s  ( c e l l u l o s e  n i t r a t e ,  l avsan ,  polycarbonate ,  
mica, and g l a s s )  w i l . 1  be included among t h e  assembl ies .  
Monitor measurements o:f t h e  high energy component o f  cosmic 
r a d i a t i o n  heavy n u c l e i  w i l l  be accomplished us ing  t h r e e  d i e l e c t r i c  
trJack, d e t e c t o r  u n i t s .  The geometry o f  t h e  assembl ies  and p l an  of t h e i r  
l o c a t i o n s  i n  t h e  c o n t a i n e r s  i s  analogous t o  t h a t  of  t h e  uCosmos-690, /61 
712, and 936If s a t e l l i t e s ,  i . e . ,  d i s t r i b u t i o n  of t h e  assembl ies  w i l l  
I o ccur  a t  p l a c e s  on t h e  mounting p l a t e s  which a r e  not  occupied by c e l l s .  
Comparison of t h e  d a t a  ob ta ined  w i l l  make it p o s s i b l e  t o  s tudy t h e  
dynamics o f  changes i n  the components i n  r e l a t i o n  t o  solal3 a c t i v i t y .  
----" ' 
Study of high-energy cosmic r a d i a t i o n  components w i th in  t h e  
b i o s a t e l l i t e  w i l l  be  conducted i n  a con t a ine r  analogous wi th  t h a t  
used i n  experiment K-206 on t h e  1fCosmos-936w b i o s a t e l l i t e  ( h a l f  of  the  
assembly i s  US and h a l f  USSR). These s t u d i e s ,  t o g e t h e r  wi th  d a t a  from 
t h e  su r f ace  of t h e  b i o s a t e l l i t e ,  w i l l  permit  u s  t o  eva lua t e  t h e  s h i e l d i n g  
p r o p e r t i e s  of t h e  b i o s a t e l l i t e l s  s t r u c t u r e  and enveiope, a s  w e l l  a s  
t o  ob t a in  a d d i t i o n a l  da t a  about neutron f low. 
t 
Comparison w i t h  d a t a  from t h e  1fCosmos-782u and Cosmos-936If bio- 
1 
I s a t e l l i t e s  w i l l  make i t  p o s s i b l e  t o  o b t a i n  d a t a  on temporal  v a r i a t i o n s  
f i n  heavy n u c l e i  i n  cosmic r a d i a t i o n .  
Development o f  exposed dosimeters  w i l l  be done i n  t e r r e s t r i a l  
F cond i t i ons  us ing  t h e  s tandard  methododlogy . 
I 
I As a  r e s u l t  o f  t h e  s t u d i e s ,  f l u e n c i e s  and s p e c t r a  of  cosmic 
i 
r a d i a t i o n  heavy n u c l e i  i n  a  range of charges  from 6 5 Z < 26 and 
e n e r g i e s  of  50 --- 400 MeV/nucleon should be ob ta ined .  
The "Heat Exchange-1-1" Experiment 
The "Heat Exchange-1-1" experiment i s  being conducted i n  o rde r  t o  
s tudy t h e  e f f e c t s  of weight lessness  on t h e  p rocess  of  hea t  exchange 
between a  heated s u r f a c e  and t h e  surrounding medium ( a i r 1 ) .  
An appa ra tu s  developed and prepared by Czech s p e c i a l i s t s  w i l l  
be used f o r  t h e  experiment. It conta ins :  
1 --an e l e c t r i c a l  dynamic kata-thermometer; 
--a t u n n e l  wi th  a f an  f o r  c r e a t i n g  c a l i b r a t e d  blcwer speeds;  
- -e lec t ron ic  c o n t r o l  u n i t ,  
The dev ice  i s  cons t ruc ted  I n  t h e  form of a  s i n g l e  block,  p e r m i t t i n g  
necessary  measurements both wi th  a  mot ionless  surrounding medium and 
wi th  smal l  (up t o  0 . 8  m/sec) blower speeds .  
The dev ice  t u r n s  on when i t  i s  fed  2 7 V  from a constant- f low source .  
No l a t e r  t han  2 n i n u t e s  a f t e r  t h e  surrounding t e m p e r a t u ~ e  reaches  20  -- 
2 5 O C ,  %he temperature  on t h e  su r f ace  of  t h e  e l e c t r i c a l  dynamic kata-  
thermometer t r ansduce r  Is s e t  a t  37 + 1 ° G .  This  temperature  i s  maintained 
- 
by a b u i l t - i n  e l e c t r i c a l  h e a t e r .  The e l e c t r i c a l  ou tpu t  necessary  f o r  
t h i s  se t  regime depends upon t h e  speed of  t h e  blower and t h e  temperature  
of t h e  surrounding medium. 
I n  conformity with t h e  program of t h e  experiment, t h e  device  i s  
t u rned  on every 2 hours every o t h e r  day of  t h e  b i o s a t e l l i t c f s  f l i g h t ,  
and every cyc le  o f  measurements does not  exceed 15  minutes.  
Measurement of e l e c t r i c a l  output  f a r  t r ansduce r  h e a t i n g  and 
sur rounding  medium temperature  i s  conducted i n  each c y c l e  of ope ra t i on  
f o r  t h e  dev ice .  Informat ion on t h e  h e a t i n g  cond i t i ons  i n  t h e  dev ice ,  
i n  t h e  form of vo l t age  l e v e l s  from 1 0  t o  6 ~ ,  goes i n t o  a  r eco rd ing  
dev ice  on board. Deciphering and workup of t h i s  in format ion  w i l l  be / 6 3  
-
accomplished a t  t h e  end of t h e  f l i g h t  of  t h e  b i o s a t e l l i t e .  
Comparison of r e s u l t s  from t h e  f l i g h t  experiment and t h o s e  from 
t h e  t e r r e s t r i a l  c o n t r o l  w i l l  permit  es tab l i shment  of  d i f f e r e n c e s  i n  
t h e  coo l ing  p ~ o p e r t i e s  of p r e s su r i zed  cab ins  i n  t h e  b i o s a t e l l i t e  and 
on E a r t h .  
Th is  experiment Is  a f u r t h e r  development o f  analogous s t u d i e s  
done on t h e  f l i g h t  of  t h e  "Cosmos-936" b i o s a t e l l i t e ,  
